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OFFICE OF TELECOtAMUNICATIONS
The Department of Commerce, under the 1970 Executive Order No. 11556, has been

given the responsibility of supporting the Government in general and the Office of Tele-
communications Policy in particular in the field of telecommunications analysis.
The L)epartment of Commerce, in response to these added duties, established the Office 1
of Telecommunications as a primary operating unit to meet the demands of telecommuni-
cations in the areas of technical and economic research and analysis. The Office consists
of three units as follows: I

Frequency Management Support Division: Provides centralized technical and
administrative support for coordination of Federal frequency uses and assignments, and ]
such other services and administrative functions, including the maintenance of necessary
files and data bases, responsive to the needs of the Director of the Office of Telecommuni-
cations Policy (OTP) in the Executive Office of the President, in the performance of his
responsibilities for the management of the radio spectrum.

Telecommunications Analysis Division: Conducts technical and economic research

and analysis of a longer term, continuing nature to provide information and alternatives
for the resolution of policy questions, including studies leading to the more efficient ailo-
cation and utilization of telecommunication resources; provides forecasts of technological
developments affecting telecoknmunications and estimates, their significance: provides
advisory services in telecommunications to agencies of Federai, State and local govern-
ments; and performs such other analysis as is required to support OTP.

Institute for Telecommunication Sciences: The institute for Telecommunication
Sciences (ITS), as a major element of the Office of Telecommunications, serves as the
central Fderal agency for research on the transmission of radio waves. As such, ITS
has the responsibility to:

(a) Acquire, analyze and disseminiate data and perform research in general on the
descrintion and predictio• of electromagnetic wave propagation, and on the nature of
electromagnetic noise and interference, and on methods for the more efficient use of the
olectromagnetic spectrum for telecommunicaionl l,"

(b) Prepare and issue predictions of electromagnetic wave propagation conditions and :-
warnings of disturbances in those conditLions; [

(c) Conduct research and analysis on radio systems characteri:-Lies, and operating
t-3cbhiques aff( cting the utilization of the radio spectrum in coordhmatioz with specialized,
related research and analysis performed by other Federal agencies in their areas
of responsibility;-

(d) Conduct research and analysis in the general heiud of telecommunicat.ion sciences

in support of o0.ier Government agollcie.o. as required; and

(e) l)evelop methods of measurement of systemr performance and standards of practice
for telecommunication systems. g

i -Ii

S.... * •, ....... , . ••.,...... • .. • ...~sa~ .4*k,, LL.N•s'•, •,5 -t .... .. A. v, , L.- ~..Z... •. ,- -. ,* . ,....,,": ... -" .0 -... •--"



,_.- U.S. DEPARTMENT OF COMMERCE

4' Maurice H, Stans, Secretary

S,-" OFFICE OF TELECOMMUNICATIONS
S A Arrnig G. KanJoian, Director

'471irs S INSTITUTE FOR TELECOMMUNICATION SCIENCES

Douglass D. Cromb'-im qlg Director

"•°•: < "• JE-LECOMMUNICATIONtS E
Research and Engineering Re 9

)BULATIONS OFLP.ROPAGATION K"

)A ,qOVER IRREGULAR J-ERRýIN -

IN THE 239-TO 92!8-iMz FREQUENCY -RANGE.
PART IV. RECEIVER SITE IN GROVE OF TREES.

S• ":.....---- D C
- . - --- - -1!-

"'i? 'P.r LTM LITE..•ý•

.0HALAMC AN JUN 13 1979

'..M.E.) Ic.LANA]HAN siii~ .11TTT1
Boulder, Colorado 80302 A

"' ;..OCiitm j1 1OT/TRER-19

""For sale by the Superintendent of Documents, U. S. Government Printing Office, Washington, D. C. 20402

Price $2.50

-&')" ¼N$



TABLE OF CONTENTS
Page

ABSTRACT 1

1. INTRODUCTION I

2. MEASUREMENT PROGRAM 4

3. RECEIVING EQUIPMENT 11

4. TRANSMITTING EQUIPMENT 1z

5. DATA PRESENTATIONS AND TABULATIONS 18

6. ACKNOWLEDGEMENTS 20

7. REFERENCES 20

8. TABULATION OF DATA Z0

R4-0.5-TI 21

R4-3 -TI 27

R4-3-TZ 34

:R R4-3 -T3 
41SR4 - 3 -T 4t 48 it

.R•4- 3-T5 55

R4-3-T6 62

R4-5-TI 68

R4-5-TZ 75

R4-5-T3 82

R4-5-T4 DD, TA B 89

SR4-5-T5 Justi '. C, 16on i
R4-5-T6 10i

R4-10-TZ 108

R4-10-T3 115

R4 -10- T4 61
i;R4-10-T5 Dit spca 129

R4-10-T6 .367

R--10-T7 -143

-Wow,



Site Nu-nbez (Cont-nted) Page

R4-Z0-Ti X50

R4-20- TZ 15j7

R4-20-T4 363

R4-20-TS 170

R4- 20-T6 ,'17

R4-20-T7 184 1
PA4-30- TZ 191

R4-30-T3 18

R4-30-T4 20s

R4-30-T5 211

R4-30-T6 218 1
R4-30-T7 225

I(4-50-TI 23Z

R4-50-TZ 239

R4-50-T3 145
R4-50-T4 252
R4-50-T5 Z 5 9

9. METEOROLOGICAL INFORMATION 266 1
APPENDIX. Cross polarization and angle-of-arrival

measurements 284

ii

'i

iv L



YA2,UXAfIONS OF PROPAC-.:-TION DATA OVER IRREGULAR
/ q.ERRA.N IN THE 230-- o 92k0-I M'- Y.R:7Q.UFNCY RANGE

PAR'i WV: Receiver Site in G~ove of Trees

\\P, KiL. McQuate, J.M. L a-rmarl, ant '

I M.E. McClana'ian

This is th" fourth part of a four-part report containing
tabulations and graphs of transmission loabs aiata result-
ing from propagation experiments in the 230- to 920J)-
MHz frequency rangL conducted over ix.zegular terrain
in Colorado. This part pt'.sents data obta~in'd at a corn-
nion receiver s5te, located in a smyll grove of cott..nwood
(Populus deltoides' trees, over propagation paths varying

in lenxth from 0.5 to 5) kin. .

Key Words: UHF prcuagatioa data, irregaX.7r terrain, UHF
propagation through trees

S1 IN U4TRODUCTION

The purpose of this foui -part report series is to present tabula-

tions of transmission loss data resulting from propagation over irregu-

lar terrain in Colorado with path length ranging from 0.5 to 120 kin a c
seven frequencies in the 230- to 9200-MHz range.

I ~The measurement progyram wvas s p jimor ed by the U.S. Armry
Electronics Command and the U.S. Army Security Agency as part of a

study of propagation characteristics under conditions resembling the

operations of an army in the field.-

Part 1 of this report series (McQuate, et al. , 1968) presented

datb.. obtained at a common receiver site (RI) located naeaz the summit 4,4

of a Lill in the open plains, about 15 knm northeast of Boulder. Several

of the transmnitting sites associated with tW.s co,•inlfon rcteiver site

were located in the mountains %,est of Boulder and east of the,
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continental divide; all others were located in tha relatively open and

rolling plains area. This part includes also a more complete

descriptior of the equipment used, and of data collection and measurement

techniques.

Part II o1 this series (McQuate, et al,, 1968) presents data

t ob:ained at a common zeceiver site (R2) located in the mountains near

Rollins'..ille, about 20 km south\0est of Boulder. The mountains shield

thiL site fronm the plains. Only eight of the 44 transmitting sites asso-

ciated with this receiving location are in the plains area.

Part Is (McQuate, et al., 1970) presents data obtained at a common

receiver site (R3) located on ýhe eastern edge -,f a high mesa at a juncture

between the mountains and plains near Golden, about 25 km south of

Boulder. This site was selected to represent propagation from ground

lo low--flying aircraft. All of the 57 transmitting sites associated v..h...

this receiver site are located in the relatively open and rolling plains area.

This, tl,% iourrh part of the four-part report series, presencs data

obtained frorn co•nmen receiver site R4, located in a cluster of trees in

in the broad St. Vrain Creek valley near Longmont, about 25 kin north-

east of Boulder.

Figure I is an aerial photograph of the area. The receiver antenrma

tower is located near tbc center of tiith left edge of the largest tree cluster.

A white cress was placed at the top of the tower to help locate it in the

aerial photograph and it also serves as the northern terminal of a true 0

north-south line. The southern terminal of this line is a white cross on

the ground shown near the bottom edge of the photograph. The dark area,

near the cross mnarking the top of the tower, is the area where the tree

foliage was removed to permit unobstructed vertical movemernt of the

receiving antennas.
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All path loss measurements were made at the fixed receiving

site using mobile transmitters. Received signal levels were recorded

continuously as the receiving antennas were raised from near ground to

a point well above the top of the trees; therefore, the received signal

levels reflect, to a varying degree, the effects of foliage and branches

on the electromagnetic field.

2. MEASUREMENT PROGRAM

Figure 2 presents an overall view of the naeasurement area and

shows for clarity only 27 of the 36 transmitter locations. Most of

those not shown are within 10 km of the common receiver site. The

measurement points are arranged around the common recei-er in con-

centric circles at nominal distances of 0.5, 3, 5, 10, 20, 30, and

50 km.

Figures 3, 4, and 5 are panoramic views of the ineasurenment

area as seen from the top of the receiving antenna tower (26.8 in above

ground) and figures 6, 7, and 8 are views of the trees as seen by the

receiving antennas 1.5 m above ground. Maximum leaf cover begins

about 7 m above ground and continues to the top of the trees. Figures

3 and 5 show that the trees are of uniform height, approximately 18 m

above ground. No transmitting sites were located in the west-to-
0 0

northeast sector betweea approximately 270 and 40 true azimuth.

All except two transmitting sites lie in the relatively open and

rolling plains area east of the mountains, and, unlike the trauttnitter

sites used in earlier reports of this report series, all transmitter sites

were selected to provide a clear and unobstructed foreground in the

direction of the receiving antenna.

Signals were r !corded for the six frequencies from all 36 trans-

mitting sites while the leaves were on the trees and then the measure-

rnents were repeated after the leaves had fallen from the tr,;es and the

trees were dormant.

4



4- ILI

f ~ l

J

ý7,

-4I

Figarc 2. Layout of transm-itter sites in relation to the
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Figure 3. Panoramic view of eastern sector from top of receiver antenna tower.
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Figure 4. Panoramic view of southern sector from top of receiver antenna tower.
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Figure 5. Panoramic view of western sector from top of receiver antenna tower.
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Figure 6. View of esothern sector from 1. 5mn above the ground.
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Figure 7. View of wsothern sector from 1. 5rn above the ground.
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All transmissions were continuous wave and frequencies of 230,

410, 910, 1846, 4595, and 9.90 MHz were used with horizontal polari-

zation. However, at the conclusion of the measurement program,

additional measurements were made from three of the transmitter sites

(R4-10-T5, R4-Z0-T6, and R4-30-T6) on 230 and 410 MHz, using

horizontally polarized, vertically polarized, and cross polarized anten-

nas in order to evaluate the polarization losses caused by trees without

leaves. These tranEmitter sites were in the direction of maximum
£0

tree depth as seen from the receiver site (bearing 2350 true, see

figure 1). Fi.nally, an elevated transmitter site (Test Site), also in

the directioli of maximum tree depth at the receiver site, was

selected to provide an unobstructed path between the transmitting

antennas and the cluster of trees surrounding the receiver site. The
data resulting from these measurements are shown in the Appendix.

3. RECEIVING EQUIPMENT

The six frequencies were divided into two groups and separate

receiving and transmitting vans were outfitted for each group. Although

seven frequencies had been used for the measurements reported in the

three preceding parts of this report series, the 751-MHz equipment was

seldom employed at the R4 site because of operational problems. Thus,

path loss data are not available for this frequency. Figure 9 shows the

low-frequency group (230, 410 and the inoperative 751 MHz) receiver

trailer at common receiver site R2, and figure 10 shows the receiver

trailer used for the four higher frequencies (910, 1846, 4595, and

9190 MHz) at common receiver site R3. Both figures show the antennas

associated-with each frequency group mounted on a movable carriage

attached to identical towers, and the same installation was used for the

R4 measurements reported here. The carriages could be installed on

any of the four tower faces and raised or lowered between the limits of

1P
Preceding Page Blank
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1 and Z5 m above giound for the low-frequency group, or I and 24,. m

for the nigher-frequency group, both at a speed of approximately 0. 6 m/sec0

A servo systern on the antenna carriage drove a strip-chart recorder

for the continuous signal strength versus antenna height recordings.

Propagation dat& were obtained between August 2 and September

30, 1966 (when the leaves were on the trees) and between November

1], 1966 and March 14, 1967 (when trees were without leaves).

Identical trarnsmitting and receiving antennas were used for each

frequency group, and the electrical characteris tics of each pair were

essentially identical; parameters are given in Table 1. The VSWR of

the antenna systems, as viewed at the receiver input, exhibited essentially

no change as the antennas were rroved up and down the tower; thus we

believe that effects of the immediate environment on the antenna

impedance can be neglected.

4. TRANSMITTING EQUIPMENT

The transm.itting equipment was contained in two vans; one, for

the two lower frequencies, the other for the four higher frequencies.

Figures 11 and 12 show the vanls. The antennas .ere mnounted side by

side on a framework attached to a rigid mhast that pivoted in elev.tion

and azimuth on a base imnounted on top of the vans. This arrangernent

assured coiistant antUlnna hi.gh ab"uve ground 1o0 -ah f:equency group

(6.6 rn for the lower frequency group and 7.3 ni for the higher). After

the anten-.a assembly bad been raised and before transmnission, the

antennas were oriented to the path azinuth by sighting through a. device

on the mast, iU the receiver location was visible, or with the i, id of a

magnetic compass, corrected for nagnetic declixation, wben the

receiver location was obscurcd.

5. DATA PRESENTATIONS AND 1IABULATIONS

The data, except for antenna polarization and pattern,., are arranged

12
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as in Parts I, ii and III of this report series; i.e., by path distance and

for each distance sequentially by azimuth counted clockwise from true

north. For examp~e, R4-20-T2 indicates a 20-km path (nominal length)

from The receiver site R4 to transmitter site TZ, which is the second
transmitter site at the 20-km distance counted clockwise, from true

north. However, some of the proposed transmitter locations were

inaccessible, or otherwise unsuitable, and other points had to be

substituted. Particularly, sites R4-30-T5 and R4-30-T7 are at distances

less than 25 kmn. The actual path lengths rather than code designations

will be used in any subsequent analyses of the data but it is not practical

to revise the numbering scheme. The data for each transmission path

are arranged in the following order: The first page includes the site

designation and code, a photograph of the terrain taken at the transmitter I
site in the direction of the receiver, and the true bearing from the

receiver site to the transmitter site.

The next page contains the site designation and code, a graph

of basic transmission loss vs. receiving antenna height and the date

when each frequency group was measured. Only data taken with the

leaves on the trees are shown here. Also indicated are the free-.space

basic transmission loss for each frequency and the level of the maximum

measurable loss if the received signal level was below the receiver

noise level. The graphs of basic transmission loss vs. antenna height

were obtained directly from computer storage by a cathode ray tube

plotter, and only a limited number of distinct line symbols were avail-

able. In most cases it is not difficult to identify and follow the traces

for the various frequencies.

Part I of this report series (McQuate et al., 1968) includes a

discussion of the assumptions used (including formulas, parameters, etc.)

to correct receiver power level values to basic transmission loss.

A number of these graphs do not show curves for all six frequencies.

18



This is because of equipment malfunction, temporary inaccessibility of

the transmitter sites, calibration errors, or misalignments of antennas.

The third page shows the site code and includes the following:

(a) The path profile, with site elevations and path length, is

drawn by using an effective earth radius (a = 8330 krii) based on an

area average surface refractivity value of 290 N-units. The effective

earth curvature is illustrated by an arc drawn arbitrarily through the

second elevation mark in the center of the profile. This arc represents

the intersection of a surface parallel to the earth's surface with the

plane of the paper and provides a reference line for assessing relative

elevation along the terrain profile. Note that horizontal and vertical

scales are not constant for all terrain profiles. The scales were chosen

to provide maximum clarity within the available space, and the effective

earth radius concept requires a fixed relation between horizontal

Iu and vertical ( aio. sc.ales t p t ro a to b

represented as straight lines.

(b) The results of the time recording, obtained just prior to each

height-gain run, shown below the path profile and designated "L (dB) short-
b

term signal variability". The 50 percent value is defined as the basic trans-

mission loss value, in decibels, exceeded 50 percent of the time during the

10-min time recording period. The A10% - 90% value is defined as the

decibel difference between the level of the received signal exceeded for

90 percent of the time during the recording period and the level exceeded

only 10 percent of the time during the same period.

(c) Field notes describing the terrain and significant obstacles along

the transmission path, as seen by an observer at the transmitter site. The

field notes reflect the operator's observations particularly with regard to fore-

ground while the terrain characteris tics are shown more exactly by the profiles.



Additional pages include graphs of basic transmission loss vs.

receiving antenna height derived from path loss measurements over a

common path with the trees in full leaf (late summer) and after the leaves

had fallen (winter). Data are plotted in pairs for each frequency for each

transmitting site. Time run data for the winter measurements, similar

to the time run data described earlier, follow the graphs of the

transmission loss curves for each transmitter site.
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8. TABULATION OF DATA

Propagation data tabulations are presented on pages 21 through

Z65. Figure numbers in this section have been omitted since all data,

pictures, and graphs are identified by the appropriate site code number.
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RCVR. ELEV. R4-0.5-.TI XMTR. ELLV.

1503 M PATH LENGTH 0. 557 krn 1506 i\i

-1550M

- 14 00r,

21 1 1 I1

KILOHETERS
L. (dB) SHORT TI"RM SIGNAL V.A.La.BILITtY.

b

Freq(MHz) 230 410 910 1846 4595 9190

II

No data available.I

Tha radio path extends over oper, grassy land. A barbed-wire

fence, 1 m high, z'uns beside ,• dirt road and slightly to the lf. of the

path, Two deciduous trees, appro imately 20 m high, sta'viý directly

in the path, about 150 r-i from the transni[tter. I I'
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I
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I R4 -0. 5-TrI

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) Z30 410 910 1846 4595 9190

2-8-67 at 25 M 1-10-67 at 7.3 M

50% 73.3 87,3 110.2 109.4 110.3

a 10%- 90% < 3 < 3 < 3 < 3 < 3

Z6



R4-3-T

* LONGMONT El

I A

38 44' 01

42Z7



- 230 TmNz e/ 9/;;
...... 410 MHz

R4-3-T ... 910 MHZ 9/2;/g&

LONGMONT El -- 9190 MHZ

ec ~ ~ ~ ~ ~ ~ l -. - - - - - --- - -- - -- - -- -

A Ir

•*.40 ---

a,£ ,p, -. '+ '. .

I-O
I U

'• :0 -'• + -- • ,i- - - - ;- -,

ISO

S 2 G 6 1 0 12 14 IG 18 20 22 24 2S 20

A1 ~p0 Htir 9 l Above. &roua~d i~M#If 1

28



RCVR. ELEV. R4--3..Tl XMTR. ELEV. K
1503 M PATH LENGTH 2. 622 km 1543 M

12 .2 21

OI(IOMEYERS4

Lb (dB) -SHORT TERM SIGNAL VARIABILITY

Freq (MHz) b230 410 910 1846 4595 9190
8-9-66 at 3M 9-Z6-66 at 1M

50% 108.1 114.1 110.1 129.8 140.7 149.6
iAlo%-90% <3 <3 <3 4.5 3 5.8

8-9-66 at ZZM 9-26-66 at 7. 3M
50% 89.8 95.4 130.5 127.2 149.9 163.0

A10%_90% <3 <3 L.~.3 <3 5.9 8.0
9-26-66 at 14MZ 0 ].0 IZ.2 1222.41. 148

6 10%(90%0 <3 4.6 456 6.9

9-26-66 at 24. 5M50% 100.5 106.8 114.4 121.4
AI0%-90% <3 <3 <3 <3

The foreground here is comprised of a recently plowed field,

12,0 m wide, which slopes gently down toward the receiver site, Ttiere
are no apparent obstructions in the path, although one tree, approx-

imately 0o m tall, is slightly to the left of the path.
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R4-3-Tl

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-24-67 at 25 M 1Z-5-66 at 1 M

50% 87.4 9.20 106.9 120.9 135.0 141.7 A
10% - 90% < 3 < 3 < 3 < 3 < < 3 < 3

12-5-66 at 7.3 M
50% 121. 9 124.4 138.3 141.2

610o- 90% < 3 < 3 < 3 < 3

12-5-66 at 14 M

50% 123.1 113.4 1U3.8 141.7

A10%0- 90% < 3 < 3 < 3 < 3

12-5-66 at 24. 5 M

50% 00a 117.Z .2

A10%-90% < 3 3 < 3 < 3
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R4-3-TZ
LONGMONT SE 1.5

St

( ~I.

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is
0

107 14' 08" 7
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RCVR. ELEV. R4-3-T2 XMTh. ELEV.
1503 M PA-TH LENGTH 2.521 kr•- 1496 M

- _ =_:.-.___ _

* aCQM

o 51.0 1.5 2.0 2-S

ý ILOMETERS

Lb (dB) SHORT TERtM SIGNAL VARIABILITY

Freq(MH2;) 230 410 910 1846 4595 9190

8-9-66 at 22M 9-6-66 at IM
50% 90.1 93.7 120.8 120.0 137.4 136.0

A10%-90 <3 <3 <3 3 3.2, <3
,1-6-6,1 at 7. 3M •

50% 118.4 125.3 152.0 160.5

A 10%-9096 <3 <3 7.7 4.5

9-6-66 at 24. 5M i50% 102.5 113.9 115.4 121.1

A 10%-90% <3 3 <3 <3

The in'nmediate foreground i,; covered with low brush aad grass

for about 60 m. As farx as one can see clearly, the remainder of the

path is relatively level, and extends over plowed fields.
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R4-3-TZ

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-24-67 at 25 M 12-7-66 at 7.3 M

50% 87,7 92.1 111.5 115.8 120.2 124.2

A•10%- 90% <3 <3 <3 <3 < 3 <3

i

I 4I
<.... .-- ,. -. •



R4-3-T3
LONLGMONT ESE 3

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

130 40'ý~ 31"1

41
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RCVR, ELEV. R4-3-T3 XMTR. ELEV.
1503 M PATH LENGTH Z. 597 km 1503 M

,I

-1550M

14t 00M

1 1 - 1 1 - ..
0.5 1.0 h~5 2.0 2,5

i Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190

8-19-66 at 22M 9-2-66 at IM

50% 91.6 95.4 127.6 131.8 144.6 165.6
A10%-90% <3 <3 <3 <3 <3 6.6

9-2-66 at 7. 3M

50% 122.6 145.3 170.1 184.3
A1070-90% <3 <3 9.8 <3

9-2-66 at 24. 5M
50% 103.1 116.3 136.8 141.6 I

A106/0-90% <3 <3 <3 <3

The first 200 rn of the path consist of level fa..rnland. A farm

building and silo are immediately to the left of the path. As far as

one can see, the path extends over level, open favrnland with farm

buildings scattered over its remaining distance.

43



RA-3-TS 23L0Q */H I
FOI( 1/1/66

LONGMO T ES- ...... $1 Ole C 3/06

Igo

1111

R4-3-T3 &

LONG~MONT ESE3 .... rOFL I AO 3/j6

110OLA0 3/06

ISO:6 -- - --I 9to 2 4 92
k., 44-i.mt.



- r~OLIAl[ 9' 2I;-
LONGMONT ESE3 ..... 4O rM 004 2 '/69

so

13.

"" 6 -1, C1 !

.~~~ F2O JAG 12;"L

, ISO

2 " 40 9 1 10 12 14 16 11 20 22 2O• 4 26 211

S4g-3- T- -e•;

LON 1tONT we ig .. .... 1161..7 ,

- 45

140 ~iQ 2 -4 22 _42 Z

- ' l- -• 1

ItOIO ---.

C 2 4 G | -t 12 14 --t IS 20 2 24 •G 26

Aatl~u•Hl~i|• Illt . Ng•vm g,
1

lf~

45i



I

Sf0L. IL AG 91 2I 2/
LONGMIONT ESE3 F OL I t# 12 /1,0r

190

SI I

A- M 1 "egh Al$, 6- . d - - . .11'

130

-- -'O -- -• l 
4,

140 
1

.. 4..

It 1.... .... 
43 

•

II
42l l 12t I d 14 61 II 22 U; 2' 2 i I :
1501

!7 F

-T3T. IS2'i

• • •' •i•' " • -•V•'''- "-'-"-." 
-"- ... 'I -

170

210

9 2 4 1 0 12 14 16 If 2o 22 -24 6 is

46



I

R4-3-T3 -

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) Z30 410 910 1846 4595 9190
3-10-67 at 25 M 1Z-7-66 at 7.3 M

5070 92.5 94.8 IZ0.6 135.3 142.8 162 3

A10%- 90% < 3 < 3 < 3 < 3 < 3 < 3
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R4-3-T4
LONGMONT SSE 2

.~~~~ I
vi,

PATI- VIEW FROM TRANSMITTER

Bearing from -common receiver site to transmitter site is
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RCVR. ELEV. P4-3.-TA'4 XMTR. ELEV. K
1503 1, PATH LENGTH 3.008 kin, 15Ž8 M

- 550H

*1400M4

1 I1,0 Ito 1. 2.0 2.5 3.0
KILOMETERS to3.

Lb (dB) SHOR-T TERM SIGNAL VAR~maBILiTY

Freq(Mliz) 230 410 910 1846 4595 9190 I
8-18-66 at IM 9-2-66 at IM

50% 110.5 114.6 111.6 124.3 118.3 117.4
Al0%-90% <3 <3 <3 <3 <3 <38-18-66 at 11M 9-2-66 at 7. 3mf50% 92.9 102.1 105.5 124.3 140.2 148.5 K

1IO%-90% <3 <3 <3 <3 <3 <3
8-18-66 at 22M 9-2-66 at 24. 5M

50% 86.3 9Z.4 97.0 111.1 119.2 124.0 It-
AO%-90% <3 ,-<3 <3 <3 <3 <3

The immediate foreground consists of open fields, which slope

downward toward thu re-eiver for about 1 kin to a farm building

ceimplex. From there, open fields extend toward the receiver site.

a Z-wire telephone line passes near the transmitter vatn, but is about J
2 in blow the anternas. "
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R4-3-T4
b (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
3-10-67 at 22 M 12-7-66 at 7. 3 M

50% 85.4 94.6 102.8 118.5 124.6 140.0
L10,11- 9070 <3 <3 < 3 <3 < 3 < 3
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PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

0
227 21' 05"
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RCVR. ELEV. R4-3-T5 XMTR. ELEV.
1503 M PATH LENGTH 2.844 km' 1515 M

- 1550M

L b(dB) SHORT TE3RM SIGNAL VARf-ABILIT-Y

F'req('MHz)' Z30 410 910 1846 4595 91.90

9-12-66 at IM

501/0 126.0 144.5 161.4 175.6
L% 10°09 0 0% 3.1i 4. 8 7.4 10. 9

9-12-66 at 7. 3M

5 0% 1 Z7. 6 14,1o• 161.1 18•5..8
AI0M-90% | <3 <3 4.2 10.2.

9-L-e-66 at 24. 5_

50% 105. 3 l09. 9 119.9 125. 7
A 15 0 % <3 <3 <3 <3

The fizst 4230 m of fo9eground are ope1, level, plowed fields.

Tjeyond are low tree s and scattered farm buildings. T :he path is almost

flat in the distance to the rec3iver.
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R4-3-T15

bLb1UdB SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190

1-10-67 at 7.3 M

50% 1Z5.9 1Z7.3 156.7 159.3

610%- 90% <3 <3 < 3 <3
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R4-3-T6
LONGMON T W Z. 5

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is
0

245 01' 05"

I I
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RCVR. ELEV. R4-3-T6 XMTR. ELE..V.1503 M PATH LENGTH 2.514 krm 1518 M

0.0 5 z

L b (dB) SHORT TERM SIGNAL VARIA131LITY

Freq(MHz) 230 410 910 1846 4595 9190
8-8-66 at 3M 9-12-66 at im50% 108.8 122.7 129.9 145.8 148.2 168.2I

A~ 10 -0% < <

8- -6 at%- o <32< 3.0 <3 5. 3 11.3S9-12-66 at 7. 3M
50% 93. 2 97.1 129.1 .156.5 154.2 175.1AOeq( z <3 3 04. V0 13.6 4.9 11.0-j6a39-12-66 

at 24.5M
50/, 109.0 116.3 126.8 16.9

61070-907'6 <3 <.3 0 <3 < .3 136.93

e fd over which thjispath plises cnsis) of freshly
plowed fields for about 1. 2 km. These fields are level and unobstructed.
The remainder of the path, as far as one can see, is covered with
scattered farm buildings and trees.
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I

R4-3-T6
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190

2-8-67 at 25 M 1-10-67 at 7.3 M

50% 9.23 95.5 128.4 137.5 153.2 155.7

A10%0-090% <3 <3 <3 <3 <3 <3

S67
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RA4-5-- I]
UNION REiSERVOIR

V'9

4.P4

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is

67 0 41 181
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- -;--.. - ----.-- " --- ".-.-------------.--.-.- "-.--'--------..-.----

RCVR. ELEV, R4-5-TI XMTR. ELEV,
1503 M PATH LENGTH 5.643 km, 1516 M

,CR ELE_ 1q4l-T i _MiRii. J LE,.

1 2 4 S

KIL014ETERS

L b(d) SHORT TERM SIGNAL VARdABILITY

Freq(MHz) 230 410 910 1846 4595 9190

8-10-66 at 3M 9-23-66 at IM

5070 130.4 130.3 158.1 155.0 161.4 166.5
LX10% - 90% <3 <3 <3 <3 <3 <3

8-10-66 at 2ZM 9-23-66 at 7. 3M
50% 110.9 114.3 146.8 155.8 18A.0

AlO%-90% <3 <3 <3 <3 <3
9-23-66 at 14M

50% 137.8 145.4 170.7
A10% -90% <3 <3 <3

9-23-66 at 24. SM
50% 122.6 132,.9 142.9 161.0

A 10%0 - 90%o <3 <3 <3 5.1

The path extends for about 800 m over die sonth edge of Union

Reservoir. At the far edge of the reservoir, there is a line of

deciduous trees, IZ to ZO rn high. The only other apparent obstraction

in the path is a large factory building about 3 km away.
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R4-5-TI
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

F'req (MIlz) Z30 410 910 1846 4595 9190
2-21-67 at 25 M 11-18-66 at 7.3 M

50% 107.2 113.8 146.8 155.2 169.7 177.6
LIO%-90% <3 <3 <3 <3 <3 <3

I
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R4-5-T2
UNION RESERVOIR S I

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is

89° 23' 28"
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RCVR. ELEV. R4-5-T2 XMTR. ELEV.
1503 M PATH LENGTH 4.793 km 15].0 M

-550M

•1400MII ! !
1 1 11o 2 3J 4

KILOMETERS

L (dB) SHORT TERM SIGNAL VARIABILITY
b

Freq(MHz) 230 410 910 1846 4595 91-90
8-10-66 at ZZM 9-26-66 at IM

50% 94.6 99.9 129.6 144.3 165.5 165.4
A100/v-90% <3 <3 3.8 4.0 9.7 8.8

9-26-66 at 7. 3M

50% 126.6 152.0 166.6 171.4

AI 10%-90% 3.9 11.8 8.] 8.1

9-26-66 at 14M

50% 133. 1 143.0 161. 3 169.9
AI0O%/- 90% 14.3 9.8 9.0 7.9

9-26-66 at 24. 5M
50% 106.8 115.6 122.0 125.0

AI0% -90% <3 <3 <3 <3

The immediate foreground is unobstructed for 150 m. At this point.

a 4-wvire telephone line runs roughly perpendicular to the path. The

ground slopes down and away fromn the transmitter for about 300 in, and

then becomes level for the remainder of the path that one can see. About

1. 6 km away are farm buildings and trees.
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R4-5-T2
Lb (d) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
Z-21-67 at 25 M 12-2-66 at 1 M

50% 93.5 95.4 137.8 140.4 157.0 157.7

10%- 90% < 3 <3 <3 <3 < 3 <3
12-2.-66 at 7. 3 M

500% 126. 0 144.9 159.3 2 63. 2

A00/0 90% <3 <3 <3 <3
12-2-66 at 14 M

50% 127.6 133.8 143.9 7

A A1O%- 90% <3 <3 <3 <3
12-2-66 at 24. 5 M

50% 105.3 118.0 1ZO. 3 1Z9.

lIow- nn'-J < 3 < 3 < 3 ,3
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RCVR. ELEV. R4-5-T3 XMTR, ELEV.
1503 M PATH LENGTH 5. 277 km 149.3 M

1550M

0 1 2 5

KILOMETER$

L (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-19-66 at 22M 9-2-66 at IM

50% 93.8 106.0 125.0 132.3 -47.2 141.3
AIO-90T <3 <3 <3 <3 3.6 <3

9-2-,•6 at 7.3M

50% 119.4 134.8 154.5 159.1
MnO% -90% <3 <3 -3 <3

9-2-66 at 24. 5M

50,70 105,0 111.3 123.0 1Z7.3
A 10O% - 90%/I <3 <3 <? <3

,¢J

The path, as far as one ca- •-e, extends oyvei graz sy farmlan.a,

with trees and farm buildings scatte.:ed Lhreughcut the area. A 6--wire

telephone line crosses peruezditul.l" 4 the pat:h, a•bcut 2 m in front Uf

and 3 m below the antcnnaE.
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R4-5-T3
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (M.Hz) 230 410 910 1846 4595 9190
Z--Z4-67 at 25 M 12-7-66 at 7. 3 M

50% 94.4 101.8 126.2 130.0 128.4 142.0

LITO- 90To <3 <3 <3 <3 <3 <3

4 -

£

88

---..- -.-.---..-- ----- ----- .-. . .



R4-5-T4

LONGMOT S 3

II

17

I',

M. '' / _,~

PATH VIEW FROM TRANSMITTER

* Bearing from cormmon receiver site to transmitter site is
0

169 20. 56"
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I
I 1

I 4

RCVR. LLEV. R4-5-T4 XMTR. ELEV. i
1503 M PATH LENGTH 4.806 km 1544 M

_ -16 00-

1400K

I

K<ILOMETERS 
-.

Lb (dB) SHORT TERM SIGNAL VARIABILITYbI
Freq(MlI.) 230 410 910 1846 4595 9190

8-19-66 at 22M 9-7-66 at iM

5010 114.3 120.8 142.2 142.2 167.1ILO% - 9010 <3 <3 <3 <3 <3

9-7-66 at 7. 3M
5 0 Ole 136.7 145.2 185.0

A 10% o -90 0 < 3 "<-3 3.6
9-7-66 at 24, 5M

50 % 126.2 135.2 153.3

AtI0%-90O% <3 <3 <1

The apparent horizon for the path is about 1. 5 km away from the I
transmitter. The foreground, which slopes upward from the transmitter,

consists of plowed fields with no obstructions except for a 3-wire power

line, which crosses the path obliquely about 45 m from the antennas.
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9191 PINZOL Irl AQ 21 7AS

LONGMONT $4 - rOLIAG 12 7",6
110 hOFiA.~?~76

ISO.

"• t- . ...

a 2 4 6 1 to 12 14 16 to 24 22 24 26 as

Astf ". hgsAoefo~ &Mtr

R4 -5-T4

Lb (dB) S1-IQRT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (Mz) 230 410 910 1846 4595 91"00

3-10-67 at Z5 M 12-7-66 at 1 M

5076 112-Z 120.2 142.7 145.7 171.1

MO%-0Yo ~ < ~12-7-66 at 7. 3 M

5070 140.5 149.2 170.(~

Z10% -90% j<3 < 3 < 3
S12-7-66 at 14 M

50% 143.2 145.6 170.6

610%- 90% < 3 < 3 <3

12-7-66 at 24.5 M

50%0 128.2 133.6 149.8

L10%-0 90% < 3 < 3 <3
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R4-5-T5
LONGMONT SW 5

PATH VIEW FROM TRANSMITITER

Bearing from common receiver site to transmitter site is
0

223 59' 50"
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RCVR. ELEV. R4-5-T5 XMTR. ELEV,

1503 M PATH L,.ENGTH 4.890 km 1529 M

I .

I IdOOM

C I 3

KILOMETERS

L (dB) SHORT TERM SIGNAL VARLABILITYb

Freq(MHz) 230 410 910 1846 4595 9190

8-2-66 at IM 9-12-66 at IM
50/ 126.4 145.5 145.3 136.4 143.Z

n1o%-90% <3 11.8 <3 <3 <3

8-2-66 at IlIM 9-12-66 at 7. 3M
50% 125.9 134.7 137.8 143.4

L107 -go% <3 <3 <3 <3
8-2-66 at 22M 9-12-66 at 24, 5M

50%/ 96.0 109.7 113.6 120.4 129.4

A 10% - 90G/q <3 <3 <3 <3 <3

The foreground is open farmland with scattered trees and farm

buildings. A telephone cable passes acros3 the path about 5 m away

and 3 m below the antennas. A power line crosses perpendicular to

the path about 200 m away.

97



LONGP¶ON7 Sw5 .. h VOLUA" o 2~l/44

If's
-14

R4-5- TS I 5
LONG?10N7 SW5 OJA~

Il

II

ACC, 5is Abv1*C4 I* to o f 1

98



V- OL I All II
LONGMONIT Sw5 V .0 0IAlI'u 4
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LONVNO T SV5 100 FOLIAGE I/ V47

,II -- - - 'I - I 1 -l-

I I#v -',. I

191
I I l . - I I

-• s .. . . . I " I

I '
a15 - m •- •r

i SO - - I .

S-go -

II 22 2 to Ij it :0 t2 24 26

A.ta.%@ mtIghI Aosvo 6.,@,d I& helera

R4-5-T5
L (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

b
Yreq (MHz) 230 410 910 4595 9190

1-31-67 at 25 M 1-9-67 at 7.3 M

507b 99. 1 125.3 133.2 128.7 137.1

6 000900< 3 < 3 < 3 < 3 < 3
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1{4 -5-T6 T
LONGMONT W 2.5 1

A2

PATH VIEW FROM TRANSMITrTER
Bearing from con-mon receiver site to transmitter site is

Z46° 26' 30"'

S101
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230 MHZ 8/ S/,G410 MHZ

R4-5 T 910 MHZ 9/ 3/%'G...... 184 MHZ
- -... 4595 MMZ

LONGMONT W2 9190 MHz
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RCVl1. El,EV. R4-5-T6 XMTR. ELEV.
1503 M PATH LENGTH 4. 719 km 1537 M

1GO0M

1400M

t20 I 2 3 4 =

KILOMETERS
b U(D SHoR TER"M. SIGNAL• VA.RIABIL TY

b

Freq(MHz) 230 410 910 1846 4595 9190
8-3-66 at IM 9-16-66 at 1M

50% 111.3 125.3 132.1 137.9 147.6 163.4
A10%- 9050 <3 <3 <3 <3 <3 8.3

8-3-66 at llM 9-16-66 at 7. 3M
50% 101.8 117.6 134.4 130.7 140.5 156.7

A1% - 9050 <3 <3 <3 <3 <3 3.0
8-.3-66 at 2ZM 9-16-66 at 21. 5M

50% 92.4 98.6 109.0 111.0 124.7 ]26.3
A I05..9050 <3 <3 <3 5-3 <3 <3

The path extends over open farmland for about 3 km, and slopes

gently downward and away from the transmitter. Beyond 3 km the land

is covered with scattered trees and farm buildings.
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R4-5- T6
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
1-31-67 at 25 M 1-10-67 at 7.37f

50% 94.5 96.0 131.9 140.7 137.8 152.3

LA0%- 90% < 3 <3 < 3 <3 <3

I1-
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R4 -10-TZ
UNION RESERVOIR SE 2.5

PATH VIEW FROM TRANSMITTER
Bearhig frorn common receiver site to transmitter site is

99° 22' 24"

] 08
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RCVR. FLEV. R4-10-T2 XMTR. ELEV.

1503 M PATH LENGTH 8.091 km 1483 MN

........................

* IdOOW-

II I I

2 4 £ 9

Lb (dB) SHORT TERM SIGNAL VARLABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-10-66 at 3M 9-26-66 at IM

50% 109.5 122.1 141.8 147.7 158.0 179.0
A 100 - 90% <3 <3 6.0 3.5 <3 11.9

8-22.-66 at 22M 9-26-66 at 7. 3M
50%, 105. 3 107.6 130.5 149.5 164.2 179.6

A10%-90%0 <3 <3 <3 3.5 5.5 14.2
9-26-66 at 14M

50% 134.2 150.7 160.2 181.0
IlO% --90% 4.5 9.8 <3 11.7

9-26-66 at 24. 5M

50% 116.2 125.8 132.0 136.5
LIO 1O - 90% <3 <3 <3 <3 .5

The site is located in a farmyard with buildings on three sides.

A open foreground of farmland extends down the path as far as one can .

see. The terrain slopes upward toward the receiver with the apparent

horizon abc ut 3 km away. Scattered trees appear about 2 km from the

transmitter.
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R4-10-TZ
L (dB) SHORT TERM SIGNAL VARLABILITY (Without Foliag•)

Freq (M_--Iz) 230 410 910 1846 4595 9190
2-17-67 at 25 M 12-2-66 at I M

50% 103.2 108.1 141.8 155.3 156.5 168.5

A1O%- 90 % < 3 <.3 < 3 < 3 < 3 <3 I
12-2-66 at 7. 3 M

50% 137.8 136.9 154.5 172.0

S10% - 90% < 3 < 3 < 3 < 3
12-2-66 at 14 M

50% 130.8 135.9 145. 5 16z.6

L10%-90% <3 <3 <3 <3
12-2-66 at 24. 5 M

50% 116.8 121.9 131.0 138.0

A10% -90% < 3 < 3 < 3 < 3

1
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R4-10-T3
ERIE NE 1

__ _

_

Bearing from common receiver site to transmitter site is

I 0
155 18' 45"
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RCVR. IVLEV. R4-10-T3 XMTR, FIX:V.
1503 M PATH LENGTH 11.445 km 1546 M

1600M

2 1

KILOMETERS

Sb(dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) Z30 410 910 1846 4595 9190
8-19-66 at ZZM 9-7-66 at 1M

50%/a 111.4 121.3 i42.3 155.7 166.8 174.8
AlO%- 90%o <3 <3 <3 <3 6. 2 10. 2

9-7-66 at 7. 3M
50% 138.8 160.7 181.8 186.7

1O%-90% <3 <3 4.9 4.5
9-7-66 at 24. 5M

501/ 127.4 138.Z 350.2 164.3
A 10% -90% <3 <3 3.9 4.5

The foreground is comprised of flat farmland for about 2 km.

The only apparent obstructions are telephone lines , which cross the

path at about 60, 300, and 800 rn away from the transmitter. Rail]road

tracks cross the path about 50 m in front of the antennas.
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R4-10-T3

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
3-10-67 at 2 5 M 1 2-9-66 at 7.3 M

50% 110.7 118.6 133.6 147,2 166.1 175.4

A101 - 90%0 < 3 < 3 < 3 < 3 < 3 < 3

l lii
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AA
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PATH VIEW FROM TRANSMiT TER

Bearing from common receiver site to transmitter site isA

21010 48' 2,51! 1



- 230 M¶Hz 8/22/66
S...... 410 MHZ

R4- 1 0-T4 9.. . 0 MO Z 9/ "/--S.... 184G MHz

.... - 4595 M4Z
G9UNBARREL MHZ

90

130l Al, -Y.:il---

*1

0 -

ISO

170 : ...
SI .. .....

180

0 2 4 6 9 10 12 14 16 10 20 22 24 26 29

AfttRq@,a Hoiyht Above Grouad ii% Moetor

123



RCVR. ELEV. R4-10-T4 XMTR. ELEV.

1503 M PATH LENGTH 7.232 km 1586 M

1400M

! I t

2 4

L (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-22-66 at 3M 9-7-66 at IM

50 0'/ 115,3 118.3 131.8 147.3 144.7 138.1
& 0 9°• <3 <3 <3 <3 <3 <

8-22-66 at 22M 9-7-66 at 7, 3M
5 0 Tv 93.9 99.5 121.8 145.7 145, 7 150.6

Ai107 - 90% <3 <3 <3 - 5o 7 <3 4.2

9-7-66 at Z4. 5M~
50%0 111.8 125. 3 124. 7 131. 1

A 00°/6 - 90% <3 <3 <3 <3

Tlhe path extends over open farmland with scattered trees. The

land is rolling arid slopes downward and away from the transmitter.

A small lake lies across the path about 2 km away from this site,

IZ4
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R4-10-T4

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (Mi-lz) 230 410 910 1846 4595 9190
3-14-67 at 25 M 12-7-66 at 7.3 M

50% 94,8 101.3 119.0 135.2 137.7 144.8

dO•1 - 90% < 3 < 3 < 3 < 3 < 3 < 3

128"



R4-10-T5
NIWOT E 1

PATH VIEW FROM TRANSMITTER

4 Bearing from commnon receiver site to transmitter site is
1Lii
o227 2 O' 19"
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-- 230 MmZ 8/ A/SG
410.... . M0 aHZ

R4-1 O-T5 ... 910 MHZ 9/15/SG
... G MHZ4595 MHZ

NIWOT El 9190 MHz
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"; 130
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RCVR. ELEV. R4-10-T5 XMTR. FLEV.
1503 M PATH LENGTH 7.58Z km 1543 M

* iOOM

•1400M

I I I

C 2 4 6

K ILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190

8 -4-6,6 at IM 9-15-66 at IM
50% 127.6 129.2 137.6 155.3 146.2 159.7

AOC-90%1 <3 <3 <3 <3 <3 <3
8-4-66 at 11M 9-15-66 at 7. 3M

50% 111.6 129.3 133.2 145.4 167.3 179.4
A10%-90% <3 <3 <3 <3 9.0 11.6

8-4-66 at 22M 9-15-66 at 14M
I0 nA. A inf A I C! .•jj.1• I•, / . . v 1332. 5 ý_1.o 17 0.5 o" 10

A10%-90% < 3 < 3 <3 <3 9.0 11.6
9-15-66 at 24. 5M

50% 113.9 12.3 0 131.2 135.1
A1 50% 1 120.0< 3 <3 <3 <3

The terrain slopes away from the transmitter over alfalfa fields.

Scattered trees are the only apparent obstructions.
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R4-10-T5

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)
Freq (MHz) 230 410 910 1846 4595 9190

2-i0-67 at 25 M 1-9-67 at 7.3 M

50% 103.0 110.0 136.8 142.0 153.7 166.6

10%- 90% < 3 < 3 < 3 < 3 <3 < 3

135.oI
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R4-10-T6
NIWOT N 0. 5

PATH VIEW FROM TRANSMITTER

B,_ ing from common receiver site to transmitter site is

230 004' 31"
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.... AI MHZ
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RCVP. ELEV. R4-10-T6 XMTR. ELEV.
15,03 M PATH LENGTH 8.808 km 1552 M

IGOOM

- 1400M

1 1 I
0 2 6 6

KILOMETERS

Lb (dB) SHORT TEPRM SIGNAL VARLiBILITY

Freq(MfHz) 230 410 910 1846 4595 9190
8-8-66 at IM 9-13-66 at IM

50% 151.6 144.1 146.3 168.3 179.7 195.6
L 100-90% <3 <3 <3 6.8 16.0 18.5

8-8-66 at lM 9-13-66 at 7. 3M
50% 123.6 136.1 147.3 176.3 177.2 197.6

A10% -90% <3 <3 <3 13.5 9.0 17.0
8-8-66 at 22M 9-13-66 at 24. 5M

50% 110.0 117.2 122.8 134x.1 143. Z 153.6
A 10%-90% <3 <3 <3 <3 <3 <3

The path slopes downward toward the receiver, There are no

obstructions until scattered trees appear about 1. 5 km in the distance.
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R4-10-T6
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-10-67 at Z5 M 1-9-67 at I M

5 3% 110.8 118.6 142.1 158.7 188.5 177.0

610% -90% < 3 < 3 < 3 < 3 5.2 3.3

1-9-6i at 7.3 M

50% 145.5 159.7 177.1 186.4

A10%- 90% < 3 <3 < 3 <3
1-9-67 at 14 M

50% 147.0 169.7 183.4 189.2

M10% - 90% < 3 < 3 5.3 5.9
1-9-67 at 24.5 M

50% 120.0 135.7 140.7 156.6

t 10%- 90% < 3 < 3 < 3 < 3

14Z
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- . ..... ...... -. . .. . ... ... -- -.. . .. ,-- ' -r-- -- . .. . • .r:-•. . -• • • • •' '-r r• • , ¸• •

RCVR. ELlEV. R4-10-T7 XMTR. ELF.V,
1503 M PATH LENGTH 7.861 kmn 1549 M

- t 500M

1400M

2 4 N

KILOMETERS

L (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 919C,

8-3-66 at IM 9-13-66 at IM
507a 124.7 138.3 136.8 152.4 170.5 176.6

A10%-90% <3 <3 <3 <3 6.7 8.8

8-3-66 at 11M 9-13-66 at 7.3M
50% 121.9 128.2 135.3 151.9 176.7 175.4

A10%-90% <3 <3 <3 <3 10.i 3.0

8-3-66 at 2ZM 9-13-66 at 24. 5M
50% 103.8 107.9 115.3 123.4 133.9 142.1

A 10% - 90% <3 <3 <3 <3 <3 <3

The path extends over level, open grass land for about 3 km.

Large trees, 20 m tall, are growing just to the -right of the path, about

500 mi away. A 2-wire telephone line runs obliquely across the path

about 45 mn from the antennas. Running parallel to the telephone line,

but behind the antennas, is a 2-wire power line.
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R4-10-T7
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) Z30 410 910 1846 4595 9190
1-31-67 at 25 M 10-10-67 at 7.3 M ]

50% 103.2 108.0 135.9 138.4 153.7 164.8

A1O% -9 0 % < 3 < 3 < 3 < 3 < 3 < 3

A

14!

If

I
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[

GOWANDA SE 1.5

MM -- i -1--
jr..

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is
078 46' 07"
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RCVR. ELEV. R4-Z0-TI XMTR. .E.LEV.
1503 M PATH IENG TliH 1-8. 380 km 1477 M

I... . .. *I- - . . .. " -

V.4

Lb (dB SHR TERI SINL-~LBL

r f... .... 1%% %. t

Fre (MHz) 20 4I 10 8649 9190

8-11-66 at 1M9
145.6 153.1 17.1,. 173.9 206.0

8-11-66 at TEM 9-27-66 at 7.3 3,
5 0% ]28.7 146.6 170.2 184.7 210. 190

A6i0O7.- 90%0 <3 23 -3 13 .t 1 1

8-11-66 at IZM 9-27-66 at 14M
50%0 120.7 132.2 162.0 175.7 205.1

A 10% - 901, <":; <3 <3 <3 <3
9-27-66 at Z4. 5M

50% 1406. 160.8 171.8 190.1
A 10%-90% <3 7o,4 < < <"4 7.4

The immediate foreground of this path is; dirt road for about 30 mi.

Beyond is marshland with low trees to the left and a pond te the right of

the path.. Trees, about 1 krn away, obscure the horizon. A 4-wire

power line, to the right of the antennae, parallels the path for about

30 m, and then angles away at about ?00 to the p-ath

1 SZ
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R4-20-TI
Lb (dB) SdORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-17-67 at 25 M IZ-1-66 at 1 M

50% 117.7 128.3 169.0 170.6 190.5

A10% 907 < 3 <3 < 3 < 3 < 3
12-1-66 at 7, 3 M

50% 167.7 175.6 197.5

107%- 90% < 3 <3 <3
12-1-66 at 14 M

50% 152.9 175.8 189.9

AO0%- 90% <3 <3 < 3
]z-I-66 at 24o5 M

50% 144.4 158.6 164.5 189.0

AO%- 9 0 % <3 <3 < 3 < 3

15I
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R4-20-T2
FIRESTONE NE3

lie

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmnitei. bite is

930 12' 07"
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910 MHZ 9/27/66
R T1.8.... 146 MHZ

R4-20-T2 .4595 MHZ
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RCVR. ELEV. R4-20-TZ XMTR. ELEV.

1503 M PATH LENGTH 19. 195 km. 1518 M

- GOOM

4 912 IG

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190

9-27-66 at IM

50% 151.2 173.2 177.5 192.1
A00/#-1% <3 <3 <3 4.4

9-27-66 at 7. 3M
50%Q 153.7 167.8 181.0 190.8

A10% - 90% <3 <3 <3 3.6
9-27-66 at 14M

50% 141.7 161.5 172.5 201.4

A 10% - 90010 <3 <3 <3 7.1
9-.27-66 at 24. 5M

50% 128.2 136.6 145.0 159.6

A10%- 9050 <3 <3 <3 4.1

The antennas are aimed down a dirt road . The apparent horizon

is 2 km away, where large trees cross the path. Open farmland exists

to the right and left of the path. There are no telephone tior power lines

nor fences in the vicinity.
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I

'I

R4-20-TZ
L (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

U
Freq (MHz) 230 410 910 1846 4595 9190

12-1-66 at 1.3 M

50% 146.8 149.8 179.1 193.4

100%- 90% <3 <3 <3 <3

*i
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R4-20-T4

LAFAYETTE E 6

PATH 'VIEW FROM RA NSfi1dTTV.R,

Bk~ari~g, irom commnon racenex vite to rasitrsite is
151 04148"
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230 MHZ 8/22/66

".... 410 MNZ

R4-20-T4 91-- so MHz 9/ 9/66
...... 1846 MHZ

LAFAYETTE EG 9190 MHZ

1 5 - -- --- "

I L

a.0"•- - - *"-I I...kb..-
10

i~o

Free Spa~ce Louis (dB3)
2Ž0 230 - 105 5 1846 - 123... 6- - ---

410 - ilO.5 4595 -131.5
910. - 117.4 .9190 -13 7.5 1 -

2 2 4 6 0 10 12 14 16 ' 20 22 24 2i 26
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RCVR. ELEV. R4-20-T4 XMTR. ELEV.
1503 M PATH LENGTH 19. 527 km 1573 M

1300M

0 At 6 12 16 "

KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY !

Freq(MHz) 230 410 910 1846 4595 9190
8-ZZ-66 at 3M 9-8-66 at IM

50%/ 156.6 166.'7 172.7 192. 3 200.0
AI0O-900/ <3 <3 <3 <3 5.0

8-22-66 at ZZM 9-8-66 at 7. 3M50% 140. 3 149. 6 168.7 187. 3 209. Z
10A -0/- go!,• <3 <3 <3 <3 <3

9-8-66 at 2. SM50% 159. 7 179.3 188.2 -J

S101 - 90. <3 <3 <3§

i j

The terrain, in the direction of the receiver, is generally flat aad I
slopes upward to an apparent horizon about 3 km away. Abot-tt 50 rn m, D

front of the antennas is a low, barbed-wire fence. Scattered Luildtag:.

are in the patih at the horizon.
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ISO

250 -ff f--

50 2 4 A 1 10 12 I 16 1S 20 22 tJ 21 28

AeteceMfl Height Abe,. l • i s I Mete,5

R4-20-T4 lid; INZ
SrOLIA& 9/ 9/44

LAFAYETTE EG ...... NO frQIAG, 12/ S1/6140

ISO

ISO A U F rz

I"/I

~220-----
23 *4 -I -; - - - -' 4. •I 0 U * I t
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RAI-20-TAI- FLAC .S&

LAFAYETTE EG'$ ... .. I~ N O rP 12/ 5/6

1711

Is

240 - - -- - - - -

92C 4 - a . t 2 I U 2 2 2 6 2

R4-20-T4 9t

LAAET T I -.-f "G it -6
1;0 .... D IIG 119

210 f 2
250

2 2 14 12 14 1StO d 14 2422 24 24 26
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R4-20-T4
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (Mhz) 230 410 910 1846 4595 9190
3-14-67 at 25 M 12-9-66 at 7.3 M

50% 137.9 147.8 164.3

610% - 907o < 3 < 3 < 3
12-9-66 at 24. 5 M

50% 157.8 174.0 189.9 202.4

A10•o- 90% < 3 < 3 < 3 < 3

16

S•- -.-

169.



R4-2•-T5
BOULDER NE 3 I

I

it

* I

PATH VIE:W FROM TRAINSMIrTER i
Beazring from cornnion receiver site to transmitter site iu

2 32. 05t 37I
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- 230 ?*47 9/ 41/;

410 HHZ
R4-20-T5 910 M4z 9/;5/Gs

. IS4A MHz

BOULDER NE3 A55- - 9 MHZ

230

I.'

14

"!6 yl :,•--

NW Free Space Loss (dB)
0 230 - 103.-9 1846 - 1ZZ..

41.0 - 108.9 4595 - P-99,
"91. - 115.8 9190 - 135..91

C 2 A 6 9 10 12 1116 182022 2426 28

""t. m~lg Ab gve ,t i me w s

3.71

', , , i:. ;i



.I

RCVR. ELEV. R4-20-T5 XMTR. BLEV.
1503 M PATH LENGTH 16.!96 km 1612 M

-I 30M

.... 1 1

160 4 6 t?

KILOMETEflS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190

8-4-66 at IM 9-15-66 at IM
50% 153.5 146.8 149.3 175.3 187.2 197.9

L10/%-90% <3 <3 <3 <3 <3 <3
8-4-66 at 1lM 9-15-66 at 7. 3M

50% 128.6 142.5 156.8 168.3 192.7
A 10% - 90% <3 <3 <3 <3 <3

8-4-66 at 22M 9-15-66 at 14M
50% ý IX. U 155. 163.3 195. 4

'10°/ -90% <3 <3 <3 <3 4.7
9-15-66 at 24. 5M

505a 138.9 148.2 154.9
A 10% - 905! <3 <3 <3

Immediately in front of the antennas, about 25 m away, a 3-wire

power line crosses the path. About 1 km away, the path crosses

Boulder, Reservoir. The terrain slopes gently downward toward the

receiver. The horizon appears to be formed by scattered trees and

buildings on the far shore of the reservoir.
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R4-20-T 5'
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
Z-10-b67 at 25 M, 1-9-67 at I M

50% 114.2 117.5 148.4 169.5 191.2 192. 1

A10%- 90% <3 <3 <3 <3 < 3 < 3
1-9-67 at 7,3 M

50% 16-,09 170.3 181.2

A10%- 90% <3 < 3 < 3

17

tu•

17l
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230 MHZ 6/ A/60
A...... 10 MHZ

,-910 MHZ 9/S/6_
P4- 0. .... 1046 MHZ

S.... 4595 MHZ
BOULDER N5 9-90 Mz,

IF L IU-)
", t I I

" Alo' mh it-" I. -*

,d* ., 1•

- ~ .I; *

I, - I i i4, i

:eo .--- ' --, -- i . ..
1 f

S 10 .... .. . . . .....0 ,- £

t,• r,•e Ne;gIht AbOve (tgj ,,t i, ee•:
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or, - .1.rw rtq, 2 A •r* -

IIA

RCVR. ELEV. F,4-20-T6 Xrt1MTR, ELEV, ¾

1503 M PATH LENGTH 17.038 kmn A M N1

... ........ .........

-- 44%

50-4 . 3 . 3 . 1 300 , 3 )6 . ,78.1

.1

A 1074 9074 .6 <3--3.<-,

1 5.0

8-4 -6 at 11M 9 1 -6 at7. 1N

1. (d•s) HRTTERM SIGNAL VARLd/ILIT>

F'e(Mz 20 410 910 4 4 ,•5Q)5 •10

0% 8-4-66 at IM 13. 5-15-66 a• iM .,$. 1

5Q% 11.6 12.0 135 1 61.41478. 1 -2.i2.

LA109 -90,/ 7< <•3 <3 <3 <3 4.
8-4-66 at 22M 9-15-66 a7. 14M

8115.6 145.3 157.3 187. 4
A10% -90% <3 <3 <3 <3 7.< 7. 2

9-15-.66 at 2 4. 5 M

50% 161,1 123.4 139.4 139.7 .

SI 01% - 90% <3 <3 <3<3

The foreground of this path drops off rapidly fvr aboAt 450 rn.

Immediately to the right of the path, abut 2 kin away, :6 ?aysi~ack

Mountain, and to the left is Table Mountain, both of wh'ch rise above.

the apparent line-of-sight path to the receiver. The apparent horizon£

is formed by a line of trees about 2. 5 km away.
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R4 -20-T 6
L. (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

b

Ereq (IAHz) 230 410 910 1846 4595 9190
2-8-67 at 230 MA 1-11-67 at] I M

507o 103.3 108.6 1313.2Z 140.1 154.4 167.5

61O 90, < 3 < 3 < 3 < 3 < 3 < 3
1-11-67 at: 7. 3 M

50%T 135.9 138.1 154.9 168.6

bI0% -901' < 3 < 3 < 3 4.2
1-11-67 at 14 M

50% 135.5 150.1 154. 3 152.5

L % -,' 9L% j< 3  < 3 < 3 < 3

5 1142 7 1221.5 131.9 134.5

<lO <3 < 3 '3 < 3

18.3



R4-20-T7

BOULDER N 9

118

I1IB

PATH VIEW FROM TRANSMITTE•R

Bearing from common receiver site to transmitter site is

2670 09' 16"

ii
4
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- 230 ?*iZ S/ 4/GG
*... 410 74HZ

R4-20-T7 .... 9104 74HZ 91
1459 t4HZ

BOULDER N9 4959 MHz

90

110-

-;120 -.
.0o.

g. .J N

4 :to o,
on

'160

I-Ina

'IS

190

0 2 4 1 0 10 12 14 16 10 20 22 24 26 26

Aslohasi Height Abqv* Gp4jld ilk Mgotor
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RCV1R. ELEV. R4-20-T7 XMTR. ELEV.
1503 M PATH LENGTH 16.023 kin. 1725 M

04 122. 14. 13.G5. 5. 5.

8-4-66 at lIM 9-15-66 at 7.IM
5074 113.9 1241.0 125.8 129.9 142.2 1658.9

A 10% -90% <3 <3 <3 <3 <3 4.5
8 -4-66 at 11M 9-15-66 at 7.4M

501 31,9 1240 15. 12.9 163.2 165.9
A 10% -90% <3 <3 <3 <3 <3 4.3

9-15-66 at 24. 5M

500%1 114.3 122.9 129.7 135.9
A11O%- 90% <3 <3 <3 <3

The immediate foregro~ind is grassy pasture. The ground slopes

downward and away from the transmitter. A 4-wire power likne is aboute

6 m from the antennas, with the lowest wire at the same height as the

antennas.
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R4.20_° "'

Lb (dB) SHORT TE3RM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190

2-8-67 at 25 M 1-10-67 at 7.3 M

507a 103.5 106.8 121.2 126.1 141.3 150.4

L 10o%- 90% < 3 < 3 < 3 < 3 < 3 < 3

Igo



R4-30-T2
IONE E 3

ii

V4
i4

_-/2_- . . ...-

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to transmitter site is
0

92 04' 56"

191i
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- 230 MHZ e/:1/6

$..... 410 MHZ

R9130-T2 .. MHZ 9/2e,66S. ..• 1846 MMz
S. ..,595 MMz

lONE E3 -- 95 MHZ

*4 0
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II
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"- t•- t250

41 2 t G O tO t 4e 1 0 2 2 a2
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RCVR. ELEV. R4-30-T2 XMTR. ELEV.

1503 M PATH LENGTH[ 29.451 km 1540 M

6OOM

"")1300M 1

12 tS 24

KILOMETERS

L b (dB) SHORT TERM SIGNAL VARIABILITY

Freq(l•vHz) 230 410 910 1846 4595 9190

8-11-66 at IM 9-28-66 at IM
50% 135.8 151.4 150.5 157.8 186.4 197.1

A10%-9010 <3 3.1 <3 3.0 9.2 8.3

8-11-66 at 1IM 9-28-66 at 7. 3M
50% 131.2 132.9 145.1 159.2 189.0 189.5

A10% - 90% <3 <3 <3 <3 <3 3.5
8-11-66 at 22M 9-28-66 at 14M

50% 115.8 119.2 143.6 170.3 173-6 188.1
AI0%-90% <3 <3 <3 12.8 <3 4.5

9-28-66 at 24. 5M
50% 126.6 134.1 140.1 145.6

A 10% - 90% <3 <3 <3 <3

The apparent horizon is about 10 krm from the transmitter.

Scattered trees grow in a valley about 3 km away. Freshly plowed

fields are ii the immediate foreground.
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R4-30-T2
L (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)b

Freq (MI-1z) 230 410 910 1846 4595 9190

2-1( -67 at 25 M 11-30-66 at 1 M

50% 11' . 1 119.0 152.9 163.6 182.8 209.0

L10% - 90% < 3 <3 < 3 <3 < 3 < 3
11-30-66 at 7. 3 M

50% 151.9 166.6 182.3 185.0

610%- 90% < 3 < 3 < 3 < 3
11-30-66 at 14 M

50% 14Z.4 159.4 172. 3 181.3

10% - 9 0% < 3 < 3 < 3 6.3
11 -30-66 at 24. 5 M

50% 126.5 133.1 141.3 136.0

610% - 90% < 3  < 3 < 3 < 3

It

A4,
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NORTI-IGLENN

zz

PATH VIEW FROM TRANSMITTER
Bearing from common receiver jite to transmitter site is

155 033' 01"
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- 230 M•Z 8/22/SG
.... 410 MHZ

R4-30-T3 ... 910 MIZ 9/ 8/66
t~.'.... •1815 MHZ

S.. . 595 MHz
NORTHGLENN 9190 MHZ

- -= -=r•

*1_,

S.. ./ .v'.." .I. '.•.0

': ieo " '

too o i

o 2• . _ , 8 10 1?. 14, 1j , 8 23 22 24

Apee Space Loss (d j A--'Go,~

so -10 . I 18. 0, Z7

219
20 2 - p14. 46 - 127.2

910 - 121. 1 9190 - 141. 1 •

2 2 4 6 10 12 A 4 8• VO 22 24 ?i 26

A t g rte h 0• m~ i~ h t A b o v e ý Po u ft d l h M o t o rs• t
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RCVR. ELEV. R4-30-T3 XMfR. ELEV
1503 M PATH LENGTH 29.611 km 1601 M

1350M

6 12 16 24
KILOMETERS

Lb (dB) SIIORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-22-66 at IM 9-8-66 at IM

50% 165.7 178.8 178.3 199.0
A10%-90% <3 <3 3.0 6.5

9-8-66 at 7. 3M
50% 163.8 180. 3 196.4

A 1O%'Q-90% <3 6.0 7.0
9-8-66 at 24. 5M

c;07,-5. 1 e 42 iCC I I n I
-.. .. X I V. .7 194.2

10%-90% <3 <3 4.5 9.5

This transmitter site is on the edge of a housing development in

which two houses, 75 in away, form the apparent horizon. Large trees

are on either side of the path.
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A4-30- T 3

L b (dB) SHORT TERM SIGNAL VARLkBILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
3-14-67 at 25 M 12-9-66 at I M

50% 139.4 ]48.4 173.5 183.4 196.3

51ý0%- 9070 < 3 < 3 < 3 < 3 < 3
12-9-66 at 7.3 M

50% 160.5 182.4 198.3

9O%9 0% < 3 < 3 < 3
12-9-66 at 14 M

50% 169.0 183.4 192.3

A10% - 90% < 3 < 3 < 3

1Z-9-66 at 24. 5 M

50% 153.5 165.9 178.0 195.4

A10%- 90% < 3 <3 < 3 < 3

204
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R4- 30-T4
EAST BROOMFIELD

PATH VIEW FROM TRANSMITTERBearing from common receiver site to transmitter site is

176° 07' 40"
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-- 230 "HJ 8/23/66
...... 410 MHZ

R4-30-T4 .... 910 MHZ /6
ISAG MHz
4595 MHZ

E. BROOMFIELD - 9190 MHz

:2:

"2•.. H l-"

750

!v

2: C

90 °

Free Space Loss (dB)
22C -- 2301 -18.-7 1846 - 126. 8

410 - 113. 7 4595 - 134.7

, 9 m 0f -. I.. 9 - 1 0 . 7

2 4 10 12 14 16 18 20 2? 24 N 29
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RCVR. ELEV. R4-30-T4 XMTR. ELEV.
1503 M PATH LENGTH 28.281 km 1634 M

1700H

I 300M

1 1 1 1
0& 12 10 24

KILOMETERS
Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
0 8-23-66 at 22M 9-8-66 at i1

50% 142. 6 158.9 189. 3 206.2
A10%-90% <3 <3 <3 5.0

17 9-8-66 at 7. 3M
S50% 175. 1 192. 3

A10%-90% <3 <3

9-8-66 at 24. 5M
50% 167.1 184.3 201.2

<3 <3 6.5

The path lies over a gravel road which runs off to the right of the

path at an angle of about 100. A 4-wire power line parallels the road

and crosses the path, about 75 m away, at antenna height. A hill about

3 km away forms the horizon.
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R4-30-Td Sic .. z

E BROOMFIELD roLI E S 1,;IS...... LO rOL A" I2/12/&6

- -- - - - --- -

ISO - --

4i

190 ---- T

2CO - - - --- --

2209

".!..01..~ -t4 I- mew.

R4-30-T4 lo0iG r-z

E. BR•OOM•FIELD .... N r LIA; 21 /i
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4-5c-T4 41S5
E. BROO IELD ... fLjArf iU"

130 - - -

Ieo - .... . I
A,.

;. I00 2 4 -, - 22 14 26 •.

• -66.,d 1," ", l .h. / h ,:,. P :",~ O.... ll..

R4-30-T4
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 I910 1846 4595 9190
3-14-67 at 25 M 12-12-66 at 1 M

50% 143.0 160.2 179.7 202.7I

6lOo-/0-90% < 3 < 3 < 3 < 3

12-12-66 at 7.3 mv

50% 168.7
L10% - 90% < 31

12-1Z-66 at 24.5 M

50% 164.2 181.0 197.7

A10%e 90% <(3 <23 < 3

210

/,10%- 90% <



R4 - 30 - T5
GREEN MOUNTAIN

Be PATH VIEW FROM TRANSMITTER,
Bering from corninon receiver site to tr'ansmnitter site is

I 2200 02w 09

121.
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fRCVR. FLEV. R4-30-T5 XMTR. ELEV.
1503 M PATH LENGTH 23.714 km 1796 M

-1300M

0 G 12 18

I.:(H; %Ub j S)11ORT TEiRIM SIC NA LVA IRABIL! Cy

,4_'1

8-5-6 a 1M9- 166atiM

A1 0<3<3 <3 <3<3<

8-5-66 at 22M 9-16-66 at 7. 3M
50% 107.3 112.2 133.5 147. 3 162. 7 171. 1

PA10% -9 00/0  <3 <3 <3 <3 <3 <3
9-16-66 at 14M

507 153.0 158.3 183.2 187. 7
A 1re07q(M 6.0 <3 8.7 8.5

9-16-66 at Z4. 5M
50% 120.0 128.9 137.2 141.1

A 10% - 90% <3 <3 <3 <3

The transmitter site is at the edge of Green Mountain, a mesa

overlooking the city c-f Boulder, The path to the receiver is line -of..

sight, as far as one ran see.
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R4--30-T5
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
2-9-67 at 25 M 1-9-67 at 7.3 M

50% 105.0 131.1 134.3 141.2, 151,4

90% < 3 < 3 < 3 < 3 <3
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R4-30-T6
GOLD HILL - SUNSHINE

PATH VIEW FROM TRANSMIITE1R
Bearing from common receiver site to transmitter site is *

0_

243 050' 13"

218



23. "HZ ei 5/&;

R4 -30- TG 2 410 M~z
510 M*7 /z /

GOLD HILL-SUNSHINE A55 ~
9190Mz

170

190

IISV

2! C
C 2 A 6 8 10 12 14 16 18 20 22 24 26 2ai

219



RCVR. ELEV. R4-30-T6 XMTR. ELEV.
1503 M PATH LFNGTH 25. 373km 2256 M

2200M

1200M

0 12 1824
KILOMEYER$

L (dB) SHORT TERM SIGNAL VARIABILITYb

Freq(Ml~z) 230 410 910 1846 4595 9190
8-5-66 at 3M 9-15-66 at 1M

500/ 122.3 124.6 149.7 153.6 161.1 171.3
A 10% A%-90% <3 4.7 <3 <3 <3

8-5-66 at ZZM 9-15-66 at 7.3M

50% 110.8 115.0 142.4 157.0 171.3 185.6
A10%-90% <3 <3 <3 <3 <3 12.6

9-15-66 at 14M

50% D 145.6 156, 4 180.7 195,5

A10%-90% <3 3.8 7.5 9.3
9-15-66 at 24. 5M

50% 124.7 131.4 139.0 146.0

AlO% -90% <3 <3 <3 <3

The path, as far as one can see, is line-of-sight. However, the

foreground is rough and covered with co':.erous trees. A hill about

4 km away hides most of the valley beycnd. About 12 rn in front of the

antennas, but about 3 m below them, many telephone lines cross the path.
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R4-30-T6
L (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

b
Freq (MHz) 230 410 910 1846 4595 9190

2-9-67 at 25 M 1-12-67 at 1 M

50% 109.7 120.2 148.0 151.8 151.8 155.0

A10%- 90% < 3 <3 < 3 < 3 < 3 < 3
1-15-67 at 7.3 M

50% 137.8 155.3 155.3 166.5

A10%- 90% < 3 < 3 < 3 < 3
1-12-67 at 14 M

50% 137.0 146.3 156.4 174.5

A10%- 90% < 3 < 3 < 3 < 3
1-12-67 at 24.5 M

50% 123.0 131.4 137.0 142.5

A1O% - 90% < 3 < 3 < 3 < 3

224 1
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II

II
R4 - 30 - T7
LEE HILL

PATH VIEW FROM TRANSMITTER

Bearing from common receiver site to tran-rnitter site is

2460 08' 23"

2
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- 230 TMiZ 0/ 5/&6
410..dI MHZ

R43-7910 MHz 9/*9/66
*.... 6d MHZ

LEE HILL 919 MHz

* -T

120

, Ix

I3 1 , 00

IE

IV if A

2 2. $A 1 2 4w 2 4 1 8 20 22 24 26 28

226



RCVR. EL-EV.
1503 M A R4-30 .-T7 km

PATH LENGTH 
23. 929 kmn. 

21LNGH2316 
M

1 
2

Lb ( 6 1-) -5 - 1 -
Freq(MHz) 230 4 -E iGNAL V/RLAB1LITy

410 910 18468-5-66 at 3M 9-19-66 at 1M
50% 113.9 122.4 136.9 132.4 151.2 

153.I
8-5-66<3 <3 <3 <3 <3 <3
8-5-66 at 22M 

9-19-66 at 7. 3M
50% 06. % 

112.4 133.9 145.3 175.8
AIO%.-9 0 o <3 <3 <3 <3 169.0

500/ 9-19-66 at 14M
A 10 O %a_9 0 % 134.9 149v3 17534

<3 <3 9,8 9.8500/ 9-1 9-66 at 24 .5 9.
(0 5- 0% 

122.9 129.4 133.2 142.0

<3 
<3 

<3 
<3

T hi s i s a line _of _,,ghIt<
path which crosses rough, rnouritairlo us

terraji, for 4 krn, then part of the Boulder valley. There are noObstruction,.h 

a
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R4-30-T7
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foli ge)

Freq (MHz), 230 410 910 1846 4595 9190
2-9-67 at 25 M 1-12-67 at I M

50% 108.9 121.4 129.2. 130.6 156.0 145.8

AL1O% -90% < 3 < 3 < 3 < 3 < 3 < 3
1-12-67 at 7.3 M

50% 1?.6.3 140.0 146.5 155.8
L10% , 90%0 < 3 < 3 < 3 < 3

1-12-67 at 14 M

507o 136. Z 151.0 133. 5 173.9
A10%- 90% < 3 <3 < 3 9.4

/ 1-12-67 at 24. 5 M

50% 118.2 126.6 134. 5 135.8
Al10%- 90% < 3 < 3 < 3 < 3

I
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R4-50 .TI

LATHAM RESERVOIR E 1

Itt

PATH VIEW FROM TRANSMITTER
Bearing from comnmon. receiver site to transmitter site is

63 OP01 05"
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R4-50-TI .... S. M1 z M /9/
...... 1AE4 Mz

4595 MHZ
LATHAM RESERVOIR El -- 9190 "HZ
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RCVR. ELEV. R4-50-TI XMTR. ELEV.
1503 M PATH LENGTH 46.732 km 1503 M

- 155•M

-- .

KILOMETERS

L (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-18-66 at IM 9-29-66 at IM

50% 162.8 170.6 188.0 195.4 197.0 203.6
A0Iol -90% <3 5.2 <3 <3 7.1 8.0

8-18-66 at 11M 9-29-66-at 7. 3M

50% 150.1 162.8 180 188.4 211.5
AIO% --90% <3 <3 <1 5.5

8-18-66 at 22M 9-29-66 at 14M

50% 143.6 151.0 i-72.0 189.4 194,5
A10%- 90% <3 3,0 <3 3.6

9-Z9-66 at ý4. 5M
50% 162.5 169.9 178.1 193.8

A1O% -90% <3 <3 4.3 12.0

The path extends over rolling farmland to an apparent horizon

about 30 or 40 km away. There are scattered trees and buildings along

the path.
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R4-50-Tl
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (Mliz) 230 410 910 1846 4595 9190
3-3-67 at Z5 M 11-30-66 at I M

50% 145.0 149.8 175.7 197.3

A10%- 9070 <3 <3 <3 <3
11-30-66 at 7.3 M

50% 174.7 203.0

10% -9 0 70 < 3 < 3
11-30-66 at 14 M

50% 164.2: 180.7 191.8 200.9

L10%- 90% < 3 <3 < 3 < 3
11-30-66 at 24.5 M

50% 160.2 167.7 171.3 187.9

10%-0 90% < 3 <3 < 3 <3

N.

I
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I

R4-50-T2
KEENESBURG NW 1

-iis

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

94 045' 25"
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: . ... -qy'wfl ,•. 7rqy qr

RCVR. ELEV. R4-50-T2 XMTR. ELEV.
1503 M PATH LENGTH 48,910 km 1523vM

- IGOOM

1~ 1 501
10 20 A04

KILOMETERS 0i

L (dD) SHORT TERM SIGNAL VARLIBILITY

Freq(MHz) 230 410 910 1846 4595 9190
9-29-66 at IM

50% 183.7 188.5 204.8
A10%-90% <3 <3 7.0

9-29-66 at 7. 3M
50% 172.7 186.5 201.3

A10% -90% 8.0 <3 9,5
9-29-66 at 14M

50% 17Z.2 178.5 200.8
A 10% - 90% 5.0 8.0 9.2

9-29-66 at 24. 5M
50% 155.7 163.0 1713 173.8

A10%J-90% <3 4.0 4.2 4.0

The path lies over a dirt road which runs to the left of the path at

an angle of 5'. A 3-wire power line parallels the road to the left of the

antennas, and a 6-wire telephone line parallels the road to the right.

The telephone line crosses the path about 60 m away. The path crosses

a grove of trees about 400 rn away, and the apparent horizon is about

20 kmt in the distance. i
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PIC

Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 18116 4595 9190
11-29-66 at I M

50% 183.9 184.1 202.8

AIO%- 90% <3 <3 < 3
11-29-66 at 7.3 M

50% 174.4 195.1 201.8 196.3

61]0% -905 < 3 < 3 < 3 < 3
11,29-66 at 14 M

50% 171.4 175.1 189.8 136.3

L10% 90% < 3 <3 < 3 < 3
11-29-66 at 24.5 M

50% 152.9 163.1 168.8 167.3

A1O%- 90% < 3 <3 < 3 <3
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R4.-50-T3
HORSE GREEK E l

7--

"I. " • < C- - ,•+
NIL:.

%.q+, . .. . + . . + -

PATH VIEW FROM TRANSMITTER

Bearing fromn common receiver site to transmitter site is

110° 03' 35"
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RCVR. ELEV. R4-50-T3 XMTR. ELEV.
1503 M PATH LENGTH 49. 699 km. 1579 M

... ...........

- 1GOOM'

1020 so 40

KILOMETER$

Lb(dB) SHOR•T TE•RM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190

50%/ 150.6 153.8 168. 1 173,.7 19-1.6
6I0% -90% <3 <.3 3.5 <3 <3

9-28-66 at 7. 3M
50a 162.1 171.2 201.6

AIO%-90% <3 <3 4,0
9-28-66 at 14M

50% 15s.1i 75.Z 197.6
610%-90% •3 4.5 6. z

9-28-66 at 24. 5M
50% 150.1 158.2 175.6 185.0

A0% -90% <3 <3 <3 6.0

The path extends over cultivated fields for about 3 km, tten over

grassy land to the apparent horizon about ?0 km in the distance.
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R4-50-T 3
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
Z-Z7-67 at 25 M 11-29-66 at 1 M

50% 141.9 146.8 170.1 171.6 186.8 200.3
A10%- 90% < 3 <3 <3 <3 < 3 <3

11-29-66 at 7.3 M

"50% 159.6 168.6 207.0 200. 3

A10% -90% < 3 < 3 < 3 < 3
11-29-66 at 14 M

50% 160.1 171.6 190.8 199.3

LI0o7- 904 <3 <3 <3 <3

11-29-66 at 24.5M

50% 152.1 159.6 v177.8 183.8
A10%- 90% <3 <3 < 3 < 3
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R4-50-T4
NORTH TABLE MOUNTAIN N

¾ c:

PATH VIEW FROM TRANSMITTER
Bearing from common receiver site to transmitter site is

1900 44' 04"
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RCVR. ELEV. R4-50-T4 XMTR. ELEV.
1503 M PATH LENGTH 40.492 krn' 1718 M

1300M

C0 20 30 40
KILOMETERS

Lb (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MHz) 230 410 910 1846 4595 9190
8-24-66 at 22M 9-9-66 at IM

50% 140.0 143.7 168.1 189.3 206.7
AIO0% -90% <3 <3 <3 <3 6.0

9-9-66 at 7. 3M
50% 164.1 187. 3 204.7

S10%-90% <3 <3 6.5

9-9-66 at 24. 5M
50% 149.6I/ 10 7. . 3 188.9

t'10%-90% <3 3.0 5.0 13.6

The foreground of the path, consisting of rocky grass land,

extends for 90 m. The terrain the drops off for 60 m to a valley below.

The radio horizon is about 5 km beyond the valley, and is forrrmed by a

rounded, grassy ridge. There are scattered trees throughout the

valle y.
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R4-50-T4
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

Freq (MHz) 230 410 910 1846 4595 9190
3-13-67 at 25 M 12-12-66 at i M

50% 137.9 145.3 168.7 191.5 203.2

<3<A10%,- 90% < 3 < 3 < 3 < 3 < 3

12-12-66 at 7.3 M

50% 169.7 181.0 193.7 199.1
L10% -90% < 3 <3 < 3 < 3

12-12-66 at 14 M

50% 174.0 187.2 19Z. 1
AO% - 90% < 3 < 3 < 3

12-12-66 at 24. 5 M

53% 5,. z 16z. 5 178. Z 186.6
L10%- 90% <3 <3 < 3 <3

i

2 5 8 ' :
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R4-50 -T5
NORTH TABLE MOUNTAIN

IlI

PATH VIEW FROM TRANSMITTE-R
Bearing from common receiver site to transmitter site is

0
192 45' 37"

2?59

LLUC



-- 230 TMHZ 812416;
P. .5. .. 54 1 0 M H Z

4-50-T5 .. - 910 HZ 9/ 9/5G
...... 1846 MHZNORTH TABLE MOUNTAIN 4595 MHZ

9190 M•Z

• •i~-- -- - -------1 i--------- ------------ 
...

: v
.4 A. 

Y

+'•c4 -i ! , A•i Y A' .. ..AA
-J 150

I'I
.9 . .. ....." --- ..

IreSP7 cp Loss (dYS)2:$-- ... 30 - 1] 2.. ) 1846 -1.30. i410 - 117,. 4595 -1, 8.0
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RCVR. ELEV. R4-50-T5 XMTR. ELEV.
1503 M PATH LENGTH 41.435 km 1996 M

2000M

1200M

0 10 20 s0 40

KILOMETERS

L. (dB) SHORT TERM SIGNAL VARIABILITY

Freq(MIz) 230 410 910 1846 4595 9190
8-24-66 at 22M 9-9-66 at IM

50% 112.9 117.4 144,2 150.8 167.9 165.3
A10°%- 90% <3 <3 <3 <3 <3 3.5

9-9-66 at 7.3M
507o 136.2 150.3 168.9 168.8

A10T%-90% <3 <3 5.0 3.0
9-9-66 at 24. 5M

50% 124.7 132.3 139.4 141.3
'0% - 90% <3 <3 <3 <3

The foreground of the radio path consists of rocky terrain with

sparse grass, and extends for 30 m. At this point, the mountain drops

off for about 200 rn to tht v.lley below. The remainder of the path is

cultivated farxri land.
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R4-50-T5 4),5PW
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R4-50-T5
Lb (dB) SHORT TERM SIGNAL VARIABILITY (Without Foliage)

b
Freq (MHz) 230 410 910 1846 4595 9190

3-13-67 at 25 M 1-11-66 at I M

50% 113.4 117.0 142.3 160.0 179.8 161.1

A10%- 900 <3 <3 <3 < 3 < 3 <3
1-11-66 at 7.3 M

50% 130.3 139.6 159.3 161.6

100% - 90% <3 <3 < 3 < 3
1-11-66 at 14 M

50% 13Z. 3 147.6 151.3 156.1

A0% - 90% < 3 < 3 < 3 < 3
1-11-67 at Z4.5 j •

50% 124.8 132.1 142.0 141.6

A10%- 90% < 3 < 3 <3 < 3
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9. METEOROLOGICAL INFORMATION

This section of the report presents a comprehensive listing of meteor-

ological parameters for each path that were obtained simultaneously with

the path loss measurements. Wet and dry bulb temperatures were obtained

by reading electrically operated psychrometers; atmospheric pressures

were indicated on high-grade aneroid barometers; percent relative humidity

was calculated from data obtained at the site. Cloud types were based on the

National Weather Service cloud code ciassification, and percent cloud

cover, wind speed, and wind direction were estimated.

Type Dry Wet Atmos. % % Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb f umid. Type Cover & Dir. Terminal

R4-0. 5-Ti Longmont S1

UHF August 8, 1966

OPEN 18.3 14.4 870.0 67 LZ, M6 100 5 Rcvr

16.7 13,9 851.3 75 L5 100 0-SNE Xmtr

SHF September 13, 1966

OPEN 16.4 11.6 847.9 59 LI, M4 30 1-2E Rcvr

15.0 10.6 850.3 60 LI, L2 20 0-5W Xmtr

SHF January 10, 1967

OPEN 1.0 -2.7 858.5 42' H6 50 0-2 Rcvr

-1.1 -3.9 862.2 50 H9 60 3W Xnitr
UHF February 8, 1967

OPEN 4.5 1.3 845.9 58 H7 5 Calm Rcvr

2.5 -2.5 855.5 29 - - 0 Calm Xmtr

R4-3-Tl Longmont El

UHF August 9, 1966

OPEN 23.3 16.7 846.0 53 LZ, M6 10 Calm P.cvr

26.7 17.7 840.5 43 Ll,L2 30 5 W Xmtr
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Type Dry Wet Atrnos. % 0 Wind

of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal

R4-3-T1 (continued)

SHP September 26, 1966

OPEN 18.4 15.1 844,6 72 LI 10 5-10NE Rcvr

21.4 15.6 842.5 57 LZ, M3 30 5NE Xmtr

SIHF December 5, 1966

OPEN -1.6 -1.8 832.0 95 Fog 100 Calm Rcvr

0.0 -0.3 829.3 95 Fog 100 Calm Xmtr

UHF February 24, 1967

OPEN 0.2 -0.4 849.3 90 -.- - . Rcvr

-1. 1 -3.9 854.3 50 HZ 5 Calm Xmtr

R4-3-T2 Longmont SE 1. 5

TU HhF August 9, 1966

OPEN ZZ.8 16.7 847.5 56 LZ, M6 90 5 NW Rcvr

Z4.4 18.3 847.3 57 LI 20 0-5 E Xmtr

P iSHP September 6, 1966
OPEN 24.5 15.0 852.0 38 LZ, M2 75 Calmn Rcvr

27.2 15.6 852.0 30 L2 40 Calm Xrntr

SHF December 7, 1966

OPEN 3.4 2.7 829.7 90 M3 75 Calm Rcvr

3.6 Z.2 831.7 81 H6 65 CaIrn Xmtr

UHF February 24, 1967
OPEN 1. 8 0.0 84.8.0 73 ... Cairn Rcvr

1.1 -2.8 859.0 40 HI 20 0-5SE Xrntr

R4-3-T3 LongmontESE3

UHF August 19, 1966

SOPMEN 25.0 16.7 848.0 45 LZ, M2 70 Calm Rcvr

271,, 17.2 831.7 36 H2, H9, L960 Calm Xmtr
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Type Dry Wet Atmos. 5 % Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal

R4-3-T2 (continued)

SIIF September 2, 1966

OPEN 16.8 14.6 852.1 80 L1, M3 40 Calm Rcvr

17.8 15.6 851.3 81 L1, M3 75 0-5 E Xmtr

SHF December 7, 1966

OPEN 3.9 2,2 829.3 77 L5, M1 85 Calmn Rcvr

7.1 5.0 831.0 75 H6 65 Calm Xrntr

UHF March lu, 1967

OPEN 16.5 16.2 835.1 - - H2 30 Calm Rcvr

15.0 5.0 845.1 - - H9 30 Calm Xrntr

R4-3-T4 Longmont SSE2

UHF August 18, 1967 £

OPEN 26.7 15.6 849.5 32 L6 70 0-5-NW Rcvr

32.2 20.0 843.2 34 H2, L5 50 5 NW Xmtr

SSHF September 2, 1966

K OPEN 21.6 16.2 849.8 59 L1, M3 30 Calm Rcr

21.7 17.8 847.3 70 LI, J,2 30 0-5 S Xmtr

SHF December 7, 1966

OPEN 5.2 3.3 829ý 7 76 M3 75 0-4SE Rcvr

5.6 3. 1 829.3 69 H6 70 Calm Xmtr

UHF Mar.ch 10, 1967

OPEN 16.5 16.2 835.1 - - Ha 30 - - Rcvr

16.1 3.9 841,6 -- - H6 40 5 W Xmntr

R4-3-T5 Longrnont SWJ1. 5

U I-IF Augast 8, 1966

OPEN 16.1 12.8 854.0 70 L2, M6 100 Calm Rcvr

14.4 12.2 851.3 79 L5 100 0-5NE Xnitr



Type Dry Wet Atmos. 0 Wtnd
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Ternp C mb Humid. Type Cover & Dir. Terminal

R4-3-T5 (continued)
SHF September 1Z, 1966

OPEN 22.0 13.7 845.9 41 LI 80 2 SE Rcvr

25.6 15.6 846.6 36 LI, L2 50 0-5 F Xrntr

SSHF January 10, 1967

OPEN 4.9 -0.2 857.4 36 I-H6 30 0-2 Rcvr

4.7 0.3 860.1 44 H9 30 3 SE Xmtr

4 R4-3-T6 Longmont SWI. 2

UHF August 8, 1966

OPEN 15.6 12.8 853,5 74 L2, M6 100 Calm Rcvr

16.1 13.3 850.7 75 L5 100 0-5NE Xmtr

SHE September 12, 1966

OPEN 23.4 13. 1 845.5 32 LI 10 2 E Rcvr

25.0 15.0 845.9 36 Ll 30 5 Xmtr

SHE January 10, 1967

OPEN 7.2 0.8 856.1 28 H6 50 0-2S Rcvr

8.9 2.8 858.5 35 H9 70 3 SW Xmtr

UHF February 8, 1967

OPEN No data available R4-5-T1 Union Reservoir

UHF August 10, 1966

OPEN 17.2 14.4 850.0 75 L2, M6 50 5 E Rcvr

£ 18.9 15.0 847.6 68 Li 30 5 NE Xmtr

SHF September 23, 1966

OPEN 22.1 14.8 851.7 45 LI 5 Calm Rcvr

21.9 15.0 853.0 50 Li 3 1 W Xmtr

SHF November 18, 1966

OPEN 10.6 6.3 854.1 55 M3 80 0-5S Rcvr

11.7 4.4 856.8 30 H19, -. 20 X Xmtr

UHF February 21, 1967

OPEN No data available 269



Type Dry Wet Atmos. % ¾ Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb Humnid. Type Cover & Dir. Terminal

R4-5-T1 Union Reservoir Si

UHF August 10, 1966

OPEN 21.7 16.1 849.5 58 H2, L2 10 Calm Rcvr

22.8 16.7 846.9 56 Li 40 0-5 E Xrntr

SHF September 26, 1966

OPEN 20.3 16.3 843.9 68 LI, L5 40 5-10NE Rcvr

21.9 15.3 844.9 52 H4, L5,M3 75 5-10NE Xmtr

SHF December 2, 1966

OPEN 0.2 0.0 844.2 97 MI 100 Calm Rcvr

2.8 0.0 845.9 61 H6 90 Calm Xmtr

UHF February 21, 1967

OPEN 6.6 3.4 833.7 62 L2, M6 10 0-25NW Rcvr

7.8 0.6 842.0 22 L9 50 Calm Xmtr

R4-5-T3 LonýmontSE 3.5

UHF August 19, 1966

OPEN 22.3 16.1 849.5 49 L2, M6 40 Calm Rcvr j

23.9 16.7 845.2 50 Li, 116 50 Calm Xrntr

SHF September Z, 1966

OPEN 19.6 15.3 851.2 65 L2.M3 32 Calm Rcvr

21.1 17.Z 848.6 69 LI, L5 75 0-5SE Xmtr

SHF December 7, 1966

OPEN 4.9 3.5 829.3 82 LI, M3 60 Calm Rcvr

7.2 4.4 832.7 67 H6 65 Calm Xmtr

UHF February Z4, 1967

OPEN 6.6 3,4 833.7 62 L2, M6 20 0-Z5NW P.cvr

2.2 -1.7 858.3 43 H2 20 Calm Xintr

270



Type Dry Wet A tmos. % T Wind

of Bulb Bulb Press. Ret. Cloud Cloud Speed
SitT Temp e CCe mb Humid. Type Cover & Dir. Terminal

R4-5-T4 Longmont S 3

UHF August 19, 1966

OPEN 27.2 17.2 847.5 38 L2, M9 70 Calm Rcvr

27.8 1.8 838.1 39 H9, L2, L9 70 Calm Xmtr

3H-F September 7, 1366

OPEN 25.8 13.8 853.3 27 LI 25 5SE Rcvr

27,Z ;5.0 838.1 28 Li, L2 30 5-10 Xmtr

"SHF Decernber 7. 1966

OPEN 5. 1 3.6 830.7 81 M3 40 Calm Rcvr

6.1 3. 3 827.3 66 H6 60 3 SE Xntr

UI BF March ij, 1967

OPEN 18..2 7.6 834t7 21 H2 10 0-10NW Rcvr

17.2 5.0 839.6 9 H6 40 5 W Xmtr

R4-.5T5 Lon• mont SW5

UHF AugPust 2, 1966

OP-. N 21.1 i5.6 855. 0 S58 L2, M6 90 Calm Rcvr

27.. 2 21, 1 847, 3 60 J- 1,?, 25 0- _ U Xrnt.

t-il- Septembe.' !2, 1966

OPEN 21.2 13.9 845,2 47 L5 90 Calm Rcvr

3. 9 14,4 84L, I F,,,, 80 0-5SW Xrntr

SI-JH January 9, 1967

OP'EN 7.3 -0.3 853.0 ]6 N46 60 0-2 Rcvr

8.3 1. 1 857.8 23 H9 30 0-SNE Xmtr

U11)HY Jaanuary 31, 1967

OPEN 6.6 4,0 8 34.4 69 HZ 60 0-5 Rcvr I
4.4 1. 1 8-q2.8 57 [19 70 8 NW Xintr

271

V,



Type Dry Wet Atmos. % / Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temop C Temp C mb Humid. Type Cover & Dir. "fTrnihiaJ

R4-5-T6 Longiont W2.5

UHF August 3, 1966

OPEN 22.2 17.8 851.5 67 L1, H6 30 0-5W Rcvr

24.4 18. 3 848.6 57 LI, 16 25 0-SW XnIti

SHF September 13, 1966

OPEN 19.5 12.8 847.3 48 Li 40 5 E Rcvr

19.4 13.9 848.0 57 1.1 30 0-5NE Xmtr

SHF January 10, 1967

OPEN 9.1 2.2 855.1 28 H6 20 0-2 Rcvr
11.1 3.9 856. 1 30 H-9 80 3 SW XXmtr

U UHF January 31, 1967 , ¼

OPEN No data available Rcvr I
6.9 2.2 841.0 46 119, L1 30 0-5NW Xmtr

R4-10-TZ Union Reservoir SE 2.5
UHF August 10, 1966

OPEN 23.3 16.7 848.0 53 .-... - Rcvr

24.4 17.2 857.1 50 I.I 20 Q 5NE XMrtr

SIH-F September Z6, 1966

OVEN 20.56 15.1 844.2 64 JI1,L2, 1 75 5-lIoSE Rcvr

24.4. 15.5 847. 6 41 L2, LS, M3 60 5 14E Xr-tr

SHY" Dc -ember 2, 1966

OPEN -4.2 -4.9 843.9 e2 Ml 100 Calm R-,I

-2.8 -4.2 8418.-3 71 H6 100 5- lW Xmtr

UHI, February 17, 1967
OPEN No data available Rcvr

4. - -1. 1 844.6 30 L5 iY'0 5-10W Xn-r
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Type Dry Wet Atmos. o j Wind
,'i Bulrj Bulb Press R1. Cloud Cloud Speed

Site Temp C Temp C mb Hurt ii. Type Cover & Dir. Terminal ,

±R4-10-Tj rile NFl

U HT•F Augst 19, 1966

OPiN 22.2 17.2 846. b 63 L2, M2 80 cv:

Z9.4 17.2 837.1 31 L2, L5 90 -- Xmtr r

SSHY September 7, 1V66

OPEN 24.? 12.C 854.3 24 MI 90 10NW JV r cý"

27.2 14.4 848.6 Z5 Li, LZ 50 5-10 N Xm.r

SHYiF Decemnber 9, 3966

OPEN -3.1 -4.5 853.0 70 -. .. 0-2 Rcvr

* -2.8 -6.1 851,7 35 - - - 0-2 Xxntr

.O0IEN 18.2 7.6 834.7 21 H2 J 0-10 NW Rcvr

20.0 6.1 840.3 7 119 20 10-15W Xmtr

R4-10:T,4 Gunbarrel Hill

UHF August 22, 1966

OPLN 15.0 10.0 857.0 55 .. .. Calm R ' v.-

,I. 11. 1 F13.9 57 .... 0 -5 Y Xntr

SILF September 7, 1966

OPEN 22.6 14.6 8$MSZ 44 L1 10 Calm Rcvr

22.8 14.4 845.Z 42 LZ z0 0-5 S Xmtr

SlIF December 7, 19c)6

zOPEN 4.2 2.6 K31.7 79 Li 5 0-32 Ri.-

5.0 2.8 825.6 72 L I 20 Calnm Xmtr

U.{ F March 14, i' •

OPEN 8.2 4.2 834,4 55 HZ 60 0-5 NW Rcvr

10.6 4.2 835.7 37 L2 70 10 E Xmntr
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,..- , . -. ] Y ''•~ w~~J 0rw~ rr" '

Type Dry Wet Atmos, % Wind
of Bulb Bulb Press. Re!. Cloud Cloud Speed

Site Tenp C TerntC mb hurid. Tye Cover •: Dir. Terminal

R4,10-T5 NiwotElU

UHF August 4, 1966

OPEN 21.1 18.3 850.0 78 L", M6 90 Calm Rc.'r

21. 1 7,8 843.9 74 L-1, LZ 75 0-5 E Xmtr

* SH" September 15, 1966

SOW•-N 9. 3 8A1 847.6 86 L6 100 Ca11lnm Rcvr ..

10.0 8.9 845.9 88 L6 100 1 NE Xmrtr

SHF January 9, 1967

OPEN 7.0 -0. 5 853.4 16 H6 10 0-A Rcvr

7.8 1. 7 852. 7 33 U5 30 0-5 NE Xmntr

UHF F.. brua. y 1•0) 19-7

OPEN 7.8 3. 5 832. 4 52 LZ, Y!I2 90 0-?0 NNW'%r Rcvr

8.3 1.7 837. 3 29 HV, '.2, .L5 80 10-15 W X rntr

R ,-10-T6 Niwot N 0. 5

', . yUli:• P.:.',nt S 1966

15OPEN . 3 17,, ti 852. 0 50 - - Calrn Rcvr

STb. 3 18.9 843.9 43 Li, L5 90 5 N Xmtr

STF S•p~embcr A3, 1966

OPEAQ 2•. 6 13. 5 345S-. 37 LI, 12 2?) 0-1 ,Rcv

23. 3 14.4 843. 2 40 LI, L.! 30 0-F S X-tlr

SH." Janua r y 9, 196?7

OPEN -1.4 -5. 0 853.4 16 H6 95 025a S Icr.,r €

8.9 1. 7 83Z. C, Z5 V-") 30 0-5 S6'., Xnm6r

UHF February 10, 1967 I
OPEN 7. Z 3.6 832Z. 4 58 1"Q, L2 95 0-25 PJNW Rcvr

6,7 1.7 837.0 42 H6, .L5 100 15 W Xrntr
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Type Dry Wet Atmos. 0 0 Wind

of Bulb Bulb Press. Rel. Cloud Cloud Speed
Site Ter___ Cn.p mb Humid. Type Cover & Dir. Terminal

LR4-10-T7 Longmont WS

UHF August 22, 1966

OPEN 27.8 19.4 851.0 47 - - Calm Rcvr

?7.2 18..3 351.0 44 - Calm Ytnxtr,

SHF Septernber I3, 1966

OPEN V.5 13.0 8&4,6 39 LI, LZ 20 3 5 Bcvr

Z1. 7 15.6 844.2 55 111 30 0-5 NE Xratr h
SHF January 10, 156?

OPEN 11.5 3.4 854.7 23 H6, H7 100 0-2 Rcvr

11. 1 -3.6 853.4 - 119 90 3 NW Xm-i tr

UHF Januairy 31, 1967

OPEN 8.6 5.4 834.1 64 HZ, L? 80 Caalrn Tcvr

13.3 6. 1 836.6 35 H9, La 40 15 SW Ximt:7

R4-20.-'r Gowandca SE 1. 5

UH1F August 11, 1966

OPEN 21.4 17.8 $44.0 7,. - - Calm , Rcvr

22.2 17.8 345.?. 67 Li 5 0..5 IN Xrntr

SHF September 27, ;966

OPEN 13. 5 12.2 84Z. 5 87 LS 35 2.-8 S$W4 Rcvr (
14.7 )Z.2 354.4 76 L5 100 Calm XnAtl

*SHF D,-cember 1, 1966

OPEI -4.8 -5.4 843.6 83 MI 80 Call1 Rcvr

-1. 1 -3.9 849.3 50 H6, Li 80 Calin Xmtr

UHF February 17, 1%?7

OPEN 2.4 -0.8 834.4 54 L6 100 0-i. N1W Rc,'r

0.3 -4. z 847. 3 Z9 MI, 1A, L5 90 .0 ,' Xmtr
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Type Dry Wet Atmcs, % ¾ Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal

R1-`-0-T2 Firestone NE. • "

UHF August 10, 1966 I!
OPEN '25. 0 1h. 7 847.0 4.5 12, M6 10 Calm L-.cvr 3

26. 1 1ý. 1 813,2 37 Li 13 0-5 E X!tIr
SHF Scpternber 27, 1966

OPEN 15.7 12. 2 848. 3 68 L9 95 1 S Rcvr

15.6 2.2. 849.0) 69 LI 50 0-5 SE Xmtr

SU1F December 1, 11966

OPEN -5. 3 -6.4 843.2 7z M2 95 0-1 Rcvr '

1. 1 -1.4 843.9 61 H6, Li 60 2 NE Xmtr
S.. ., •u.u~ y 7, 1967

OPEN ,7 -•A4 833.? 57 L6 100 0-15 NTW Rcvr

, 28 ---. 8 842.2 2 3 H1, L',LL5 95 5-10 NW Xrntr r

IF .Ag 96R4-ZO-T4 Lafayette E6
• 0H F .A ugu st Z*1 1966 .4

OPEl) 21. 1 13.3 855.5 43 Li 40 Calm Rcvr ,

21.7 13. 9 842-.? 44 Li 5 0-5 NB Xnitr
SI-UF September 8, 1966 I
* OP'N 26.i 13.8 351.0 ?.6 Li 50 Calin Rcvr

30.6 15. 0 847. 3 U? L1 3$5 5 SE" Xrntr "
6 SHF December 9, 1966 1
OPEN -. 8 -5. 5 851. 7 33 Li - 0-. _,r r. I

1, -3.) 346 S 29 - - - 3 Y X-tr

UYT-F March 14, 1967 70r
C?.PEN 5. b 3.0 835.8 6-r )32 70 C-5 NiW --cv r i

1ll.3 6.1 8i7. 3 5 LI1 25 6-I1 E$E >c.Xtr

27
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Type Dry Wet Atmos. % TO Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site TempC Temp C mb Humid. Type Cover & Dir. Terminal

R4-20-T5 Boulder NE3

UHF August 4, 1966

OPEN 22.8 18. 3 835. 1 67 H2, LZ 40 - Rcvr

2Z.8 17.2 835. 1 59 Li, L2 50 0-5 W Xrntr

Si-F September 15, 1966

OPEN 10.2 9.0 847.3 87 L6 100 Calm Rcvr

12.2 10. 0 839.2 78 L6 100 1 NE Xmtr

SHEY January 9, 1967

OPEN 2.7 -2.2 853. 7 31 111, 16 5 0-2 Rcvr

5.0 -0,6 847.3 31 - - - 0-5 NE Xmtr

UHF February 10, 1967

OPEN 7.8 3.5 83Z.4 52 LZ, 142 90 0-15 NNW Rcvr

6.1 0.6 830.9 36 H6 90 10 NW Xnmtr

R4-20-T6 Boulder N5

I UHF August 4, 1966

"O1-N 25.6 Y6. 7 849.5 42 L2, 112 40 Calm Rcvr

26.7 17.8 831.7 44 L1, LZ 50 0-5 E Xrntr

Sh F S-Stem1b. 15, 1, 96

OPEN "0.3 9.4 846.6 90 L6 100 1 Rcvr

10.6 10. U 831.7 93 L6 100 1 E Xrntr

SHEF January 11, 1967
OPEN 1.0 -2. i 847. 3 52 114, M4 90 - Rcvr

9.4 1.7 83Z.0 2Z 16, LZ 80 0-5 NW Xrntr

UHF February 6, 1967

OPEN no .tata avai)able Rcvr

9.4 0.6 834,3 13 I-f ' 30 0-5 W Xmtr
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Type Dry Wet Atinos. %h To Wind
of Bulb Bulb Press. Rel. C'oud Cloud Speed

Site Temp C Tremp C mb Humid. 3'Ie Cover & Dir, T erminal

R4-20-T7 Boulder N9

UHF August 4, 1966

OPEN 13.3 16.1 850.5 49 - - - 5-15 Rcvr

z6.6 16.1 827.0 37 L1,LZ 75 0-5 N Xmtr

SI-IF September 15, 1966

OPEN 12.5 10.5 845.9 80 L6 100 1 Rcvr

11.7 11. 1 825. 9 94 L6 100 1 E Xrntr

SHIF January 10, 1967

OPEN 10.8 3.4 854,7 28 H7 100 0-Z Rcvr

11.7 4.4 835.4 31 H7 100 3 SW Xmtr

UI-IF February 8, 1967

IN x- nodata ayaiiabie Rcvr
8.9 0.6 829.8 16 H9 70 0-5 W Xmtr

R4-30-TZ lone E3 i

UHF August 11, 1966

OPEN 31. 7 15.6 836.5 18 Li 20 5 SE Rcvr

35.0 16.7 837.1 13 L1,L2 30 0-SN Xmtr

55H F -S e p te m b e r 8, 1 6.- ', I

OPEN 16.6 12.4 844.6 64 H4,H6 60 2-8 E Rcvr

18.9 12.8 843.2 52 HI, LI,M 80 5-10S Xmtrn

S[-IF November 30, 1966

OPEN 4.'9 3.0 847.6 75 MI,LI 15 0-2 E Rcvr

7.2 3.9 846.6 61 X3, LJ Z0 3 NE Xmtr

UHF February 16, 1967

OPEN 2.2 -0. 1 836,4 67 HI, L2 70 0-5 NW k v: -r

2,8 -3.6 842,0 13 Li 50 0 W Xmtr I
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Type Dry Wet Atmos. / 0 Wind

of Bulb Bulb Press, Rcl, Cloud Cloud Speed
Site Tempn C Temp C mb Humid. Type Cover & Dir. Terminal

R4-30-T3 Northglenn

UHF August 22, 1966

OPEN 22,8 15.0 854.8 45 Li 30 CalIm Rcvr

24.4 15. G 837.1 38 L1 10 (J-5 E Xrntr ----

S--IF September 8, 1966

OPEN 28.7 14.5 850.3 21 Ll 40 Z S Rcvr

28.3 1 5.0 [,41.9 24 LI 20 5 E Xrntr

$HF Decemaber 9, 396k,

OPEN -2.0 -5. 5 651.7 36 - - - 0-2 W Rcvr

-5.6 842. r 45 - - - Calm Xmtr

UIHF Mar'zh 14, 1967

CwP;-N 5,. 3. 0 bASA. 1L5 H2 70 0-5 NW Rcvr

8.3 3.3 F833, 3 45: Li 25 5 NW Xrntr

R4-30-T4 East Broomfield

u-_HF A-ah.;t 23, 1966

OtEN 17.2 13.3 859.c 66 L2, M2 100 Calm Rcvr

1:. 6 Z 8 E40. 5 74 L5 100 0-5 E Xmtr

OPEN Z-.6 14,2 850.0 23 LZ,LZ 50 Calm Rcvr

9.4 15. 0 83,9.8 21 LI.Li 30 0-5 E Xmtr

SH.E De mnibei 'Z 1gi"L

OPEN - 1.8 -3.i 853.4 G6 H12 iC 0-2 Rcvr

0.8 -1. C"d6.z 57 H6, H4 10 2 S Xmtr

UHF:" Marc-. 1-? 1,97

OPLN 4.0 -4.4 93o.4 43 H2 30 0-5 NW Rcvr

7-2 1 9 83-.8 40 Li 10 5-10NE Xrntr
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Type Dry Wet Atmos. %0 Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C nib Humid. Tape Cover & Dir. Terminal

R4.30-T5 Green Mountain

UHF August 5, 1966

OPEN 21.7 17.5 851.0 68 Li 5 Calm Rcvr

z2,1 16.7 825.9 66 - - - 0-5 NE Xmtr

SHF September 16, 1966

OPEN 11.6 9.8 846.6 81 Fog 100 Calm Rcvr

13.6 11.4 821.9 79 L2 20 12 NW Xmtr

SHF January 9, 1967

OPEN -1.1 -3. 0 853.7 65 HI 20 0-2 SE Rcvr

2.8 -1.7 829.3 38 H9 20 0-5 W Xmtr
UHF February 9, 1967
OPEN 10.2 5,2 83Z.4 49 HI 90 - Rcvr

6. 1 -1. 1 816.5 18 H9, M2 80 10-30 Xmtr

R4-30-T6 Go ld .-Hill- Sun shine

UHF August 5, 1966

OPEN 26.1 17.8 851.5 46 L1 5 Calm Rcvr

23.3 15.6 789.0 48 L2 10 5 E Xrnl:r

SHF September 16, 1966

OPEN 17.5 13. 0 846.6 62 Ll 20 5 S Rcvr

16, 7 7.8 782.6 31 H9, L2 20 10 NW Xmtr

SHF January 12, 1967

OPEN 3.0 -0.1 840.8 57 H6, Ll, M3 80 0-2 Rcvr

3.1 2.8 775.8 96 M3 100 0-5 NW Xmtr

UHF February 9, 1967

OPEN 10.7 5.2 835.8 45 HI 90 0-Z0 Rcvr

2. 8 -2.8 775.0 24' H9 30 10-25 NW Xmitr
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Type Dry Wet Atmos. % % Wind

of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal

R4-30-T7 Lee Hill

UHF August 5, 1966

OPEN 28,9 18.3 850.0 37 L2, M6 30 Calm Rcvr

27.8 16.1 774.8 32 Li 10 0-5 E Xmtr

SH1F September 19, 1966

OPEN 11.5 10.1 849.3 85 Fog 100 1 Rcvr

16.4 11.4 768.0 58 H9 2 1 Xmtr

SHE January 12, 1967

OPEN 5. 0 1. 9 839,8 61 LI, M3 60 0-2 Rcvr

7O5 1.9 759.6 40 L5, M3 80 15 W Xmtr
T....T- T ebruary 9, i967
OPEN 10.7 5. 2 832.7 45 H7 90 0-25 NW Revr t

2.2 -3. 3 760.7 26 1-9 75 10-25 NW Xnit r

R4-50-T1 Latham Reservoir El

UHF August 18, 1966

OPEN 18.3 13. 3 853. 0 59 - - - Calm Rcvr

20.0 14.4 851.3 56 -Cain' Xmtr

SHF September 29, 1966

OPEN 12.6 9.4 841.5 68 HI 30 2 S Rcvr

10.6 8.6 845.9 79 HI 10 0-5 NE Xmtr

SHF November 30, 1966

OPEN 5.5 3.7 851.0 77 LI 20-2 Rcvr

2.8 1.9 858.1 87 L5, L6 100 Calm Xrntr

UHF March 3, 1967

OPEN 1.8 -0.2 837. 1 70 L6 100 0-5 NE Rcvr

5. 0 1.9 850.5 60 L9 50 5 E Xmtr
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Type Dry Wet Atrnos, % % Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C n-,b Hurnid. Type Cover & Dir. Terminal

R4-50-T2 Keensburg NW1

UHF August 15, 1966
OPEN 27.2 16.7 850.0 36 _ Calm Rcvr

30.0 17.2 841,5 29 LI 5 5 E Xrntr
SHF September 28, 1966
OPEN 20.0 13.4 844.6 50 H6 80 2-10 SE Rcvr

21.1 13.6 843.9 45 114 75 5-10 NE Xrntr
SHF November Z9, 1966
OPEN 13.2 6.4 847.3 38 1-12 100 0-2 Rcvr

15. 0 8.3 847.3 42 L5 90 5 N Xrntr
UHF March 3, 1966 'IM
OPEN 4.8 1.4 834.4 57 Ml 100 15 NW Rcvr

13.9 5.6 841.4 38 L9 50 5 SE Xrntr

R4-50-T3 Horse Creek EM

UHF August 15, 1966
OPEN 30.0 17.? 848.5 29 - - Calm Rcvr

34.4 16.7 836.4 16 Li 5 0-5 SE X.n-tr
SHF September 28, 1966

OPEN 23.1 13.2 843.2 34 H6 80 Z-8 SE Rcvr
23.9 12.8 383.1 29 HZ 70 5 NE Xmtr

SHF Nobernber 29, 1966
OPEN 11.7 5.4 846.6 39 MZ 98 0-1 Rcvr

16.1 8.3 842.5 36 L9, H4 60 10 NNW Xmtr
UHF February 27, 1967

OPEN 12.4 6.8 - H7 15 Calm Rcvr
7,8 1.1 85Z.2 27 - - 5-10 NW Xmtr
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Type Dry Wet Atmos. % 1 Wind
of Bulb Bulb Press. Rel. Cloud Cloud Speed

Site Temp C Temp C mb Humid. Type Cover & Dir. Terminal

R4-50-T4 North Table Mountain N

UHF August 24, 1966

OPEN 23.6 14.7 857.6 40 LI 10 Calm Rcvr

23.3 13.9 823.2 Li - - - 5N Xmtr

, SHF September 9, 1966

OPEN 22.6 14.8 847.3 45 L1 .5 1-2 S Rcvr5

25.0 12.8 823.6 25 Li, L2 10 0-5 E Xmtr

SH'F December 12, 1966

OPEN 4.4 -0.3 830. 7 40 HZ, 16 30 0-2 Rcvr

7.8 2.8 823.2 45 1"16,1-14 10 Calm Xmtr a

Ulif March 13, 1967

OPEN 18.2 9.2 831. 0 32 142 30 0-10 NW Rcvr

18.9 5.6 809.6 8 149 60 20-35 SW Xmtr

R4-50-T5 North Table Mountain

UHF August 24, 1966

OPEN 23.8 14.4 856.0 37 Li 20 Calm Rcvr

22.2 11.7 804.3 30 L1 5 10 SSW Xmtr

SHF September 9, 1966

OPEN 27. 1 13.9 850, 0 23 Li 10 Calm Rcvr

26.1 20.0 806, 0 59 L1, L2 30 20 W Xrntr

SI-IF January 11, 1967

OPEN 15.2 4.1 831.7 12 1,5 95 0-5 NW Rcvr

14.7 3. 1 792.5 9 H9, M3 95 15 W Xmtr

UH-F March 13, 1967

OPEN 13.8 6.8 831,7 44 H7 30 Calm Rcvr

14.4 2.8 79Z,8 8 149 30 20-30 SW Xmtr
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APPENDIX

Cross polarization and angle-of-arrival mea surements

At the conclusion of the path loss measurement program, additional

measurements were made over selected paths (R4-10-T5, R4-20-T6,

and R4-30-T6) to evaluate polarization (including cross polarization)

losses caused by trees without leaves. Measurements were also made,

using a slightly elevated transmitter test site, to investigate the

azimuthal angle-of-arrival of the 230- and 410-.MHz signals for several

receiving antenna elevations at the R4 receiving site.

All the transmitter sites for this series of measurements were

selected to provide maximum shielding of the receiving antennas from

the transmitting antennas by the cluster of trees at the R4 receiving

site. The true bearings of these transmitter sites from the receiver

site are: R4-10-T5, 2270 20'; R4-20-T6, 2500 07"; R4-30-'16, 2340 47';

and Test Site, 2340 48' (see figure 1). j
The polarization data were collected using the same measurenment

techniques developed for the original path loss measurement program.

However, before any measurements using vertical polarization were

attempted, all inactive antenna dipoles in the antenna array were

removed from the front of the antenna reflector screen (see figures 9

and 11 for physical appearance of the lower frequency an u..•,•=a), thus

preventing the possibility of interaction between the active and inactive

elements.

Cross polarization measurements were made by changing the

receiving antenna polarization with respect to the transmitting antenna

except for site R4-30-T6, where both antennas were rotated 90 degrees

with respect to each other.

The azimuthal angle-of-arrival data were obtained by raising the

receiving antenna to the desired height above ground and recording the

received signal level as the receiving antenna was turned in azimuth,
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in 10-degree steps, from a position 60 degreeýs counterclockwise to the

transmission path to a point 60 degrees clockwise to the path. This

procedure was then repeated for all other receiving antenna elevations-

for both frequencies.

The data for the supplemental polarization measurements are

arranged in the following order:

For the polarization measurements, graphs of basic transmission

loss versus receiving antenna height derived from the path loss measure-

ments are shown for each of the three paths for both frequencies with

site code and designation, frequency, date, and foliage condition

indicated on each. The type of polari.-ation used is shown for each

graph with the receiving antenna orientation indicated first; i.e., V-H

indicates that the receiving antenna was oriented to receive a vertically

polarized signal and the transmitting antenna was oriented to transmit

a horizontally polarized signal. For conversion of the iteasured values

to basic transmission loss the antenna gain values shown in table 1

(section 4 of the report) were used, although they may not be realistic

for cross polarizati~o measurements. The "basic transmission loss

values" resulting from this procedure should therefore be used only

for relative comparisons. Generalization of these results to other

antenna types may not be appropriate.

The free space basic transmission loss is indicated on each graph.

Photographs of the terrain taken at the transmitter site in the direction

of the conmmon receiver site and the bearing from the receiver site to

the transmitter site may be found under the corresponding site in the

main body of the report.

Arrangement of the data (see pages 293-296) for the azimuthal

angle-of-arrival measurements (designated Test Site) is as follows:

The first page includes the site code, a photograph of the terrain

taken at the transmitter site in the direction of the receiver, and the
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bearing from the common receiver site to the transmitter site. It also

includes the ground elevation of the receiver and t ransmitter sites, the

actual path length, and the path profile drawn as previously described

for other paths.

The second page includes the site designation and code, a code for

the graph for each frequency, followed by the date that the path loss

measurement was undertaken, a graph of the 230 and 410 MHz basic

transmission loss versus receiving antenna height (data for these graphs

were obtained by measurements techniques previously described), and

the free space basic transmission loss for each frequency.

The upper set of graphs on the third page includes plots of basic

transmission loss versus receiving antenna orientation with respect to

the transmnitting path for several receiving antenna elevations. These

graphs are for horizontal polarization for 230 MHs.. The lower set of

graphs were obtained in the same manner for the same frequency as

the upper graphs except these graphs are for vertical polarization.

Finally, the fourth page oi graphs are the results of the azimuthal

angle-of-arrival data for 410 MHz, which were obtained in the same

manner as the 230 MHz data.

The shape of the curves for the 230 MHZ, horizontally-polarized,

azimnuthal angle-of-a-•iival data obtained 25 m above ground and the

410 MHz horizontally-polarized data obtained at 19 m above ground are

essentially identical to the antenna patteras obtained over the antenna

range for the same antennas.
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410 MH2 3/17/57
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230 MHZ 3/17/67
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410 MHZ 3/20/67
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230 MHZ 3/21/67

R4-30-T6 POL.

GOLD HILL SUNSHINE

70 -

80-----

90 ,-

IH-H-"Z I00 -- -

tI20

S\

-J-

U) II --

120 
_-"

.... .,:•.: H-V,- •

0- 130 • "

E I IN

160 --- V

I

170

1801
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Antenna Height Above Ground in Meters

Z91

S . . -, . •T • _ .. ... . .. . . .. .



410 MHZ 3/21/67

R4-30-T6 POL.

GOLD HILL SUNSHINE

70

100

H-H,

aV H
V)- N W

co: 130 _

15 0

160 -------

H - I

160

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Antenna Height Above Ground in Meters

292



TEST SITE

PATH1 VIEW FRO M T ESTI S"I TEL
Bearing from commoni receiver site to test site is

234 0472 4311

RCVR. ELEV R4-TESTI XMTR. ELEV.
1503 M PATH LENGTH 20.89 kin 1719 M

I 00

-I KILOMETERS

29)3



- - i

25 3:HZ 32/

R4-TESTI

TEST SITE
.0 FOLIAGE

70-

90

" 100

UU

U)0 120 . _ 0

5 0 L.. ',*.

2 012 14 16 is 20 22 24 26 26

294

,__ I

-7 .. . . . .



4 100 -- HORIZONTAL POLARIZATION

- ���Jiz

(.0
(.0

0

2 140
U) 600 400 200 QO 20 4QV 60ct
m

- - - VERTICAL POLARIZATION

_ I K
0 K
u-i

z __
(0
�I20- --

0
-J

z

__

(0

U, -7

H __

600 4020 00 20 400

COUNTER-CLOCKWISE CLOCKWISE

VARIATION OF THE RECEIVED SIGNAL LEVEL,
AT 2�O MHz, AS A FUNCIION OF RECEIVING ANTENNA

ORIENTATION AT THE R4 RECEIVING SITE

295

z��z �



110 HORIZONTAL POLARIZATION

w

012

(n0

(n <i

9r, Z

ý 11- VERTICAL- POLRIZTIO

w

09

LkJ_______ >

10 
I

F-

1200

COUNTER-CLOCKWISE CLOCKWISE

VARIATION OF THE RECEIVED SIGNAL LEVEL,

AT410 MHz, AS A FUNCTION OF REC.EIVING ANTENNA

ORIENTATION AT THE R4 RECIEIVING SITE

296

G Po 3,83- t ,I


